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il. Glims. 
1 
This invention relates .to: petroleum -emulsions 
of .the water=in-oil .type, thut :are commonly re- 
ferrëd-to us "cut off," "roily .6i1," 'emulsified 
off," etc., and which comprise 'fine :droplets:of 
nturlly-occurring waters or brines dispersed.in .5 
u more or ]ess permanent state throughout the 
off which constitutes the continuous .phase 
the emulsion. 
One object of-my invention is,toprovide:a:no_vel 
process for breaking or resolving emulsions :of 10 
 the kinl referred to. 
Another object of my invention is to :provide 
an economicaland rapidprocess-for.separating 
emulsions .which bave been prepared under :con- 
trblled conditions from-mineral off, :such .:as 15 
crUde :Off :and relatively sort :wsters or 
brines.. Contr011ed emulsification and subsequent 
demulSîfication, under .the conditionsjust men- 
tioned,.are- of significant value :in removing im- 
purifies, particularly inorganic sslts:.frompipe- 20 
line oil. 
Demulsification, as contemplated in the :pres- 
ent:»application, includes the:preventive step- of 
commingling the demulsifier  ¢ith the:.aqueous 
comportent .which:would :or'might subsequeritly 25 
become.either-phase-of the .emulsion,in absence 
of such precautionary :measure. /Similarly;;such 
demulsifier .may :be mixed with:the hydrocazbon 
comportent. 
 More_specifically, the:presenk-invention:is :con- 30 
cerned with ,. :process ïor :breaking ,petroleum 
emulsions of the water-in-oil type, charac£erized 
by subjecting .the emulsion to the :action,of.cer= 
tain .oxyalkylated :derivatives..The :particular 
-oxyalkylated derivatiçes.areobtáined.by:a p:oc- 
ess:-f 
(-a) :leacting a::phenol .With :n ldehyde :o 
as- to-yield 
(b) An oxyalljlationsuscepible, fusible, 
ggnic :solvent-soltible,--,water-inso_luble phenol- 40 
u-ldehyde, resin; -said resin being derived by- 
uctton béween .a -difunctional »monohydric ï.ph e- 
nol .and an aldehy_de having no_t over 8 .crbon 
atoms -. nl xeucti-e - tow_ard, said -phenol; :aid 
:zesin being formed in the substantial .absence of 
45 
-triïunctional phenols;- said phenol =being of ,the 
,formula: 
in which 1 is-a hylrocarbon radicat having at 
-ledit 4-and not more than 18 .carbon.atoms and 
substituted 'in the-2,46 position; subjecting sáil 55 
forementioned-resin fo oxyalkylation .vith 
-(c) An-alpha-beta alkylene oxide having, not 
,morethan 4,carbon atomsand, setectel_from the 
Ctass consisting of :ethylene oxide, propylene :ox- 
,lle, :butylene oxàde, glyclde :anal methylglycide; 60 

(C1. 252--31) 
said oxyalkylated .resin ,being /characterizefl :by 
the introduction into.the.resin raotecule:of,.aplu- 
rality:of :dialent :rdicats :hag :e. oma 
RO, .in which R. isa:member setect :from the 
class csting :of:elene radical, :poplene 
radicals, butylene :rdicals, :hydroxyproplne 
radicals,-and hdroxyb:tleneradica; :with.:e 
proiso that from :about .onehalf 
o moles :oï .alkytene-ode be introducd ïer 
each-phenolic auC!eus; 
(.g) Convertg .sai .oxyallaed .resin- in 
the corresponding::àliyclic compoundbF:.hydro- 
genati.on, in pesee çof:a hydrogenating cata- 
ls; 
(e) -Reacg said :-hydr0aromatic .compond 
.with llyl glycdyl :ether,-h the:pro-.tht 
t:east. 2 moles of :a!lyl:.gycdyl ..ether be-rc£ed 
-for ech aHçyctic-molec_e-nd not :in. excessof 
three rimes the number..f-hydroxyl .radicls 
present in said molece; 
/) «Poerig said-:allyl radicl-contang 
derivative o yield n orgac-:solvent-soluble 
produc; .and 
g) Sbject-.:said forementioed :p!ymer 
to oxyethylation with 
(h) An pha-beta :atkylene oxide..havg:.not 
more -tha-n 4 cabon.ato, and selected from he 
class consistg .of-.eylene «oxide, .propylene 
oxide, :butylene ede,  g!ycide, and mehylgy- 
cide;:said:oxyalkylated-es :beg  characteed 
by :the -intoductio into :e«resin :molecule of:a 
p!urlity:ofdivalent ad!ca!s,ha the«frma 
(-RO), :in which : is a member::selected rom 
£he:class coisti of-ey[ene racals, :prqpyl 
ene radicals, butylene .radicals, hydroFrpylene 
'radicls; .and hydroxybutylene, radicals. 
The oxyalkylad -pe!ymerized -allyl-aeal- 
conta hydroxylated resins-:eherein described 
.and used.as .demuifiers 2or breakg-waterin- 
ofl-.mulsio, a-re )prepared.- epecialy 
sp procedure. 
 (1) .The(:peparn of »phenol-aldehFde resins 
of :.the kd described in detafl  :U.. S." Paent 
,No. 2»499»37» dated..March , 1950; fo ,De Groete 
and Keiser, ..with :the-fol!owing uaHfication; 
Said. aforemenioned-patent is ]imited to resi 
:obtaed from-.dunctional. phenols- having 4. 
.12. carbon.atoms .: the: substituent-hYdrOcarbon 
rdicl. :For e..present ppose e substituent 
/my-hve s)mny.Rs IS:.crbon toms, s  the 
.cse.çof .resi :prepred?ïrom tetrdec!pheno L 
.substntil!y pr=etrdecy!phenol. Simr!, 
resi cn be. prepred -rom.hexdylphenol or 
,octdecylphenol. is :fete..ill.:be-reerreO 
to subsuently. 
(2) The :second ,s.p involves ,:ttig ce 
.phenol-Idehyde resin:so Dbtined wih.an Ikyl- 
ene ode:selected Tom .,e :c.lass of :hylene 
oxide, pr0plene oxide, btylene oxid, glycide 
ndmsthy!gycide:in the.ztio:o t.let:one and 



iess than two moles of alkylene oxide per phe- 
nolic hydroxyl. The preparation of such de- 
rivatives is described in De Groote and Wirtel 
co-pending application Serial No. 99,361, filed 
June 15, 1949, now Patent No. 2,574,538, dated 
November 13, 1951. Said co-pending application 
illustrates the use of resins in which the hydro- 
carbon substituent in the rings may have-as 
rnany as 18 carbon atorns, as previously referred 
to. 
(3) The third step involves tloEe hydrogenation 
of such oxyalkylated resins, i. e., the onversion 
of the arornatic compounds into the alicyclic 
analogues. The procedure employed is described 
in detafl in co-pending application of De Groote 
and Keiser, Serial No. 64,443, filed December 8, 
1948, now Patent No. 2,574,536, dated Novernber 
13, 1951. In said last mentioned co-pending 
application the phenols ernployed are selected 
from the saine class referred to in issued U. S. 
Patent No. 2,499,$70, but needless to say, the 
process is equally applicable in the class of phe- 
nols having as many as 18 carbon atoms in the 
substituent group, as previously described. 
(4) The fourth step involves the treatment of 
the compounds in the presence of an alkaline 
catalyst with allyl glycidyl ether. 
(5) The fifth step involves polymerization by 
rneans of a suitable reactant, such as an or- 
ganic peroxide, oï by oxidation of a gaseous 
oxygen-containing medium, such as ah', or a 
combination of such procedures, or any other 
conventional procedure employed for producing 
polyrners frorn conventional allyl radical-con- 
taining materials. 
(6) The sixth and final step involves oxy- 
alkylation by rneans of an alpha-beta alkylene 
oxide selected frorn the class of ethylene oxide, 
propylene oxide, butylene oxide, g!ycide and 
methyl glycide. 
The manufacture of resins containing both 
an allyl and a hydroxyl group are described in 
my co-pending application Serial No. 177,551, 
filed August 3, 1950, now Patent No. 2,574,817, 
dated November 1S, 1951. The polyrnerization 
of such resins, for exarnple, by drastic oxidation 
is described in rny co-pending application Serial 
No. 177,552, filed August 3, 1950, now Patent No. 
2,574,546, dated November 13, 195!. The o.'y- 
alkylation of such polymers is described in lny 
co-pending application Serial No. 177,553, filed 
August S, 1950, now Patent 1[o. 2,574,547, dated 
November 13, 1951. 
eference is ruade to the following U. S. Pat- 
ents: Nos. 2,499,365; 2,499,366; 2,499,367; 
2,499,368, and 2,499,370, ail dated Match 7, 1950, 
fo De Groote and Keiser. These patents describe 
phenolic resins of the kind herein employed as 
initial materials. For practical purposes, the 
resins having 4 to 12 carbon atorns are most sat/s- 
factory, with the additional C1« carbon atora also 
being very satisfactory. The increased cost of 
the C and C8 carbon atom phenol renders these 
raw materials of less importance at least, at the 
present rime. leference is ruade to Patent 
2,499,370 for a description of the preparation of 
these resins, and fo Exarnples la through 103a 
of that patent for exarnples of suitable resins. 
The specific examples of Patent 2,499,370 re- 
late to resins derived ïrom phenols having a 
substituent with 4 to 12 carbon atoms, but for 
preparing the products used in accordance with 
the present invention, the hydrocarbon substit- 
uent Jn the phenol may have as many as 18 car- 
bon atoms, as iliustrated by tetradecylphenol, 

hexadecylphenol and octadecylphenol, referencé 
in each instance being to the difunctional phe- 
nol, such as the ortho- or para-substituted phe- 
nol, or a mixture of the saine. Such resins are 
5. described also in issued patents, for instance, 
 U.S. Patent No. 2,499,365, dated 1Vfarch 7, 1950, 
to De Groote and Keiser, such as Example 71a. 
As has been pointed out previously, suitable 
resins can be rnade following the procedures pre- 
10 viously described, or, for that marrer, can be 
purchased in the open rnarket. The second step 
in the overail process involves the use of an alkyl- 
ene oxide, such as ethylene oxide, propylene 
oxide and glycide, or rnethylglycide. The most 
15 suitable oxides frorn an economical standpoint 
are ethylene oxide.or propylene oxide. Obviously, 
the apparatus suitable ïor oxyethylation is also 
suitable ïor oxypropylation and will serve, if de- 
sired, for use with glycide. 
20 I have prepared a large number of resins of 
the kind described above on a laboratory scale 
varying frorn a few hundred grarns or less to 
sornewhat larger arnounts. Needless to say, they 
are also prepared regularly on an industrial 
25 scale. This saine statement applies to the prepa- 
ration of the oxyalkylated products with which 
this second part is concerned. 
For a number of well known reasons, equip- 
ment, whether laboratory size, semi-pilot plant 
30 size, pilot plant size, or large scale size, is hot, 
as a rule, designed for a particular alkylene oxide. 
Invariably, and inevitably, however, and particu- 
larly in the case of laboratory equiprnent, the 
design is such as to use any of the customarily 
35 available alkylene oxides, i. e, ethylene oxide, 
propylene oxide, butylene oxide, glycide, epichlo- 
rohydrin, styrene oxide, etc. 
Oxyethylations and oxypropylations are con- 
ducted under a wide variety of conditions, hot 
40 only in regard to presence or absence of catalyst, 
ldnd of catalyst previously described, but also in 
regard to the rime of reaction, temperature of 
reaction, speed of reaction, pressure during re- 
action, etc. Oxyalkylations can be conducted at 
45 ternperatures approximating the bofling point of 
water, or slightly above, as, for exarnple, l!5 ° to 
120 ° C. 
Likewise, resins can be oxyalkylated, particu- 
larly, with ethylene oxide or propylene oxide, 
50 using temperatures and pressures which are 
comparatively high, ïor instance, temperatures in 
the neighborhood oï 200 ° C., or in excess thereof, 
and pressures in the neighborhood of 200 pounds 
per square inch, or in excess thereof. Such oxy- 
55 alkylations bave been descïibed in aïoremen- 
tioned U. S. Patent No. 2,499,370. Generally 
speaking, such procedure is employed inder e0n 
ditions where there are more than three points 
of reaction per molecule and where the amount 
60 oï oxide dded is cornparatively high in ratio to 
the initial reactant. Such procedure is entirely 
satisïactory in the particular oxyalkylation step 
described herein. 
I-Iowever, since the amount oï oxide is corn- 
65 paratively small, less than two moles per phenolic 
hydroxyl present in the resin unit, if is apparent 
that rime is hot a factor. In other words, if is 
just as satisfactory to employ a comparat2vely 
low ternperature and low pressure rather than 
70 conditions of oxyalkylation previously rnenioned, 
which result in rapid reaction rate. or tl]is 
reason I have employed conditions of the kind 
involving temperatures of about 95 ° to 115 ° C., 
and pressures of 30 fo 40 pounds, or less. If an 
75 atmosphere of .iner gas, sch s irogen,  



iïeSènt durng a .reaction, needless to gay,. the 
pressures-maybe somewhathigher. 
Suchtow temperature, low reaction rs:te-oxy- 
tkytations havebeen described very completety 
in -U.S. Patent No. 2,448,664, te Fiïe et al., dated 
September 7, 1948. 
As previousty indicated, tow pressure, tow-tem- 
peratUre reaction rates-may require considerabte 
tïme; as, 'for instance, in some of the Subsequent 
examptes in the neighborhood of one to two 
hoù's. 'Actuatty, at 180 ° fo 200 ° C., such reaction 
might te conducted in ton minutes or tess. In 
Igrge scate, tow temperature operatons the rime 
might be Somewhat longer, for instance, 5 to 8 
hours. In -any event, the reaction is so com- 
Paratively short that ït is of no marked signifi- 
cance; but if is more convenient to use these'tower 
temperatures on a tabortory or semi-pilot plant 
s6ate. 
I bave used conventionat equipment with two 
 added automatic features: (a) a sotenoid-con- 
trolted valve which shuts off the propytene oxide 
inevent the temperature gets outside a predeter- 
mined and set range, for instance, 110 ° to 120 ° 
C., and (b) another solenoid valve which shuts 
off the propytene oxide (or, for that-marrer, 
ethytene oxide, if it is being used) if the pres- 
sure gets beyond a predetermined range, such as 
25 to 35 pounds. Otherwise, the equipment is 
substantialty the same as is commonly emptoyed 
forthis purpose, whefe the pressure of reaction is 
higher, speed of reaction is ligher, and rime of 
ï'eaction is much shorter. For reasons Which are 
obvioùs in tight of what has been saint previously, 
I liave hot found it necessary to use such auto- 
matic controls under the conditions of oxyethyl- 
atio n employed in introducing such smalt portïon 
of :alkytene oxide. Controls coutd be used, if de- 
sired, and certainly would be used in high tem- 
peature oxyalkylations. 
Thus, in preparing the varioçs examples, I 
have round if particularly advantageous to use 
labofatory equipment which is designed fo per- 
mit continuous oxyalkytation, whether if be oxy- 
propylatïon or oxyethytation. With Certain 
changes, as Wilt be pointed outhereinafter, the 
-équipment can be used atso to peïmit oxyalkyta- 
tion in?tving the use of glycide, where no pres- 
ure is ïnvolved except the vapor pressure of a 
solvent/if any, which mayhave been used asa 
-dfluélt. 
s previousIy pointed out, the method of using 
propytene-oxide is the same as  ethytene oxide. 
Th!s point is Cphasized oniy for the reason that 
ttie aPparatus is so desîgned aid constrücted as 
to use either oxide. 
-The oxyethytation Or ox.ypropytation pro- 
Cedure employed in the preparation of the oxy- 
alkylated derivatives has been urdformty the 
-saine, particularly in light of the fact that either 
a continuous automatically-controlted procedure 
Was emptoyed, or else a short automatiC method 
ùs used. " Indeed, in this instance, the latter is 
 preferred. In-this procedure the-autoctave was 
a cónventi0nat autoclave ruade of stainless steel 
"and having acapàcity of approximatety one 
gallon and a working pressure of one thousand 
pounds gauge pressure. This pressure obviousty 
is far beyond any requirement, as far as ethytene 
or'propylene oxide goes; untess there is a re- 
action of explosive violence invotved, due to acci- 
dent. The autoclavewas equipped with the con- 
entionat devices and openings, such as the vari- 
abtespeèd stirrer operating at speeds-from 50 
,=R, P:-M. to5001%. P, ]gl.;heknomèter-well and 

:thermocoïpie for ;mechanicai 
emptying ,outlet;.pressure gauge; manual.v.ent 
line; charge bote -for .initial .reactants; ai least 
one connection ïor introducing-the .alkylene 
5 oxide, such as propytene oxide or:ethyteneoxide, 
to-the bottom.oï the autoctave;.along withsuit- 
able devices :forboth cooling and_heting .the 
autoclave, such as a :cooting jacket, and prefer- 
abty, coits2naddition thereto, .with the jacket so 
10 arranged thàt if ]s suitable for heating with 
steam-or cooling .with water :and .ïurther.:eqtùp- 
ped withetectrical .heating-.devices. :eSuch auto- 
claves are,-Of cou»se, in .essence,. small-scale 
repticas"of the usual conventionat autoclave:nsed 
15 in oxyalkytation.procedures..Insome instances 
a larger autoclave was used, i..e., one having.a 
cpaCity ranging«in the .neighbohood 
gallons. 
Continuous operation,-or Substantiglly con- 
2o tinuons operation,was achïeved 
separate container to hotd the alkytene oxide 
being emptoyed, particutarly ethytene :oxide. or 
propylene oxide. The container consists .essen- 
tially ofa laborat0ry-bomb having a capacity of 
25 about one-hatï gatlon, or .somevhat in excess 
thereof..In some instances, a targer"bomb-was 
used, to wit, one having a capacity oT about one 
gatlon. This-bomb .was-equipped, atso, .wth an 
inlet.for Charging and aneductortube-going.to 
:o thè bottom oï the container'so as topermit: dlS - 
Charging oï- atkytene.oxide in 
to the autoclave. Other-c-onventionalequipment 
consists,oï course,-0ï .th.e-rupture disc, pressu»e 
gauge, :esight feed glass, thermometer connection 
:5 fornitrogen for pressuring:bomb,etc. --The:bomb 
was ptaced on a scate during use. Theconnec- 
tions-between the bomb and the autocla-ve.were 
flexible staintess.steel"hose or tubing:so tht con- 
tinuous: weighings could.be ruade without brek-- 
40 ing or- màking :any connections. " This.=atso .ap- 
pled-to the =nitrogen line, which v¢as used -to 
pressure: thé bomb 'reservoir. To :the-extent that 
it .was .required,any other usuat .conventionat 
procedure or addition-which provided greater 
safety.was used, of. course, suh..as :safety-glass, 
45 protective screens, .etc. 
In -using the -smalt amounts of oxide invötved 
in ratio fo initial reactant, i. :e., the phenot- 
-atdehyde-resin, one need not -employ the -auto- 
matic devices urdess desired. Autoclaves of:he 
50 kind described are equipped-with automatic con- 
 trois which .would-shut  off the ethytene oxide or 
propytene.oxide in the event.temperature of re- 
action passes-out of the .predetermined :range, or 
pressureln theautoctave-passes out ofthe pro- 
55 determined, range. Eowever,--in procedure of the 
kind herein:reported,Ihave done:nothing:fur- 
ther than fo set :the inlet open so the oxidewas 
added-in-approximately tw0 bourse.and thenpro- 
ceed-t0-tet :the .autoclave run for. a total of .three 
6O hours, to.insurecompleteness of-reaction.  Pres- 
sures- in :no instance registered more than80 to 
40 pounds andthe temperatures varied:from 95 ° 
fo 115 ° C. 
One.thing:must--bé-borne in-mind-vhen'operat- 
65 ing ai these- comparativetY ]ow temperatu-es .of 
oxyatkytation. When operating at a compra- 
ti?ety high -temperature, for instance, between 
i50 ° to200 ° C.; an unreacted atkytene oxide,.such 
7O 'as ethylene or propytene oxide, màkes ifs pres- 
ence fer in the increase in pressure or-the con- 
'istency of a-high-pressure. I-Ioweveç, ai a tow 
enough temperatu»e if 'mayhappen thatthe 
oxide, such aspropylene oxide, g0es in as a ltquid. 
75 If so, and iÏ it l'email 



6,ï.e, fr inleren' danger and appropriae steps 
must be taken to safeguard against this possi- 
bility; if need be, a sample mus be wihdrawn 
and examined for unreacted propylene oxide, or 
ethylene oxide. One obvious procedure, oï 
course, is to oxypropylate or oxyethylate ai a 
modest!y bigber temperature, for instance, i40 ° 
to 150 ° C. Obviously, similar precautions are 
necessary in the case of ethylene oxide, alth0ugh 
if is more reactive than propylene oxide. 
I have round if comparatively simple fo man- 
ually control the temperature of reaction by the 
use of cooling water, steam, or electrical heat fo 
raise or lower the temperature. If will be noted 
the entire procedure herein involved is much 
simpler than where low pressure, low tempera- 
ture, low speed reactants are employed in an 
effort fo bring out the introduction of a com- 
paratively large amount of alkylene oxide. Such 
procedure is sometimes used, for example, in 
treating diols or trioIs with ten to twenty or 
even thirty rimes their weight of alkylene oxide. 
A word can be included in regard fo the use 
of-glycide. This is particularly pertinent, be- 
cause a reaction involving allyl glycidyl ether, 
which reaction is also an oxyalkylation, broadly 
speakng, involves a reactant which is comparable 
fo glycide. This is obvious, since ilycide is 1- 
hydroxy-2»3-epoxypropane, and a!lyl glycidyl 
ether is l-allyloxy-2,3-epoxypropane. As pre- 
viously pointed out, glycide is an alkylene oxide 
suitable for use in reaction with phenol-alde- 
hyde resins. If either glycide or methylglycide 
is employed, no appreciable pressure is involved 
and no effort need be ruade to use equipment 
with automatic controls. 
Indeed, in the use of a number of initial re- 
actants with glycide, the entire equipment was 
used a!most as if it were an ordinary piece of 
non-pressure laboratory equipment, since such 
reactions can be so conducted, Due to the high 
boiling point of glycide, one can readily employ 
a çeparabie glass resin pot as described in IF. S. 
patent No. 2,499,365, dated arch 7, 1950, to 
De Groote et al., and offered for sale by numerous 
laboratory supply houses. Equipment of this 
kind has been advertised extensively in current 
chemical, journals. 
If such arrangement is used to prepare labora- 
tory-sca]e duplications, then care should be 
taken that the heating mantle can be removed 
rapidly, so as to al!ow for cooling; or better still, 
:hrough an added opening at the top of the glass 
.resin pot or comparable vessel should be passed 
a stainless steel cooling coil so that the pot can 
be cooled more rapidly than by mere removal of 
ruant!e. If a stainless steel coil is introduced, it 
rneans that the conventional stirrer of the paddle 
type is changed to one of the centrifugal type, 
which causes the fiuid or reactants to mix, due 
to swirling action in the center of the pot. Still 
 better is the use of a metal laboratory autoclave 
 of the kind previously described above, but in 
any event, when the initial amount of glycide is 
added to a resin, for example, in order to con- 
vert it into an oxyalkylated derivative, speed of 
reaction should be controlled by the usual factors 
such as () the addition of glycide; (D) the 
elimination of exteïnal heat; and (c) the use of 
.cooling, so there is no undue rise in temperature. 
Al1 the foregoing is merely conventional, but is 
included, due to the hazard in handling glycide. 
As to the use of glycide as an oxyalkylating agent, 
see U. S. Patent No. 2,089,569, dated August 10, 
.193., o_ Orthne.eç al,  

The amount of catalyst used in oxyalklator 
may vary from as little as /2% up to 5. The 
amount may vary during the oxypropylation 
period,, as exemplified by the addition of the cata- 
. lyst at the very beginning of the reaction only 
and with no further addition. Needless to say, 
there is a comparatively high concentration of 
catalyst at the beginning of the reaction and a 
comparatively low concentration at the end; in 
fact, not infrequently the amount of catalyst ai 
the end will be one-halï of 1% sodium methylate, 
or caustic soda, or less. Catalyst can be added 
intermittently during the reaction period, pro- 
vided suitable equipment is available. If is 
rather diiïicult to employ such equipment on a 
laboratory scale, but it can be employed, o 
course, on a pilot plant scale or larger scale. 
In the present situation, since comparatively 
little of the alkylene oxide was added per phenolic 
hydroxyl, time of reaction is hot apt fo be a 
factor. The amount of alkylene oxide may vary, 
for example, from one-half mole to less than two 
moles per phenolic hydroxyl, in other compar- 
able oxyalkylations, as have been described in 
the literature, the amount o oxide added might 
be 50 to 100 times this amount. Undeï such cir- 
cumstances it is necessary to speed up the reac- 
tion in order fo finish the process within a rea- 
sonable length of rime. In the present case the 
amount of oxide added was so small that even 
using a low temperature (95 ° to 115 ° C.) and a 
comparatively low pressure, less than 30 or 40 
pounds maximum, the reaction was complete in 
a very short period of rime. As a convenience, 
ï have generally added the oxide over a 3-hour 
period, since the apparatus was practicaily auto- 
matic. The amount of catalyst used was gener- 
ally about 1.0% of the initial resin. Somewhat 
more can be used, or slightly less. If more is 
used, the reaction would, of course, be faster, and 
if less is used, reaction might be a little slower. 
It is my preference to use a minimum amount of 
catalyst, rather than an excessive amount, for 
the ïeason that it is desirable to neutralize the 
excess alkalinity with hydrochloric acid, for ex- 
ample, or sulfuïic acid, or phosphoric acid, and 
remove the inorganic salt prior to hydrogenation. 
One limitation of small-scale autoclave equip- 
ment (a gallon fo a 2-gallon autoclave) is the dif- 
ficulty involved in a suitable automatic device for 
adding a dry catalyst, such as sodium methylate, 
during the .reaction. This presents no problem 
on a large scale with targer size equipment, and 
thus, the saine operation conducted in equipment 
55 of increased capacity, means that all the catalyst 
need hot be added at once, but can be added in- 
termittently in a predetermined amount, based 
on an hourly rate, or based on the addition of 
" ethylene or propylene oxide. For instance, in a 
60 large scale operation involving equipment having 
about twenty-five rimes the capacity of the auto- 
clave employed, arrangements were ruade to in- 
troduce better than a gallon of ethylene or pro- 
py]ene oxide (4,000 grains) per bout, along with 
65 the introduction of 20 grams of sodium methylate 
hourly durinE the operation period. The net re- 
sult, as far as the final material was concerned, 
was the saine, to wit, a residual alkaline cata]yst 
equivalent to about  % sodium methylate. 
70 In the following example sodium methylate is 
used as a catalyst. The resin used was prepared 
in the manner described by reïerence to the 
examples in Patent 2,499,3ï0. In practical]y 
every instance the resin was prepared using 3 
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each instance the amount o xylene employed 
was 300 grams. In ail other respects, amount 
o aldehyde, etc., the procedur was the same, 
the weight ratios only being different. In the 
succeeding tbles the. arnount of xylene resin so- 
lution is shown by weight; subtracting 00 in each 
instance gves the weight of the resin. For pur- 
pose oï calcu]ation the alkylene oxide dded and 
the original phenol .employed in.manufacture was 
used a a basis. This was. more convenient than. 
using the weight of. resin-obtained, because 
may vary somewhat from batch to bat&. Ac - 
tually, the amountwas weighed on a laboratory 
balance, whbh may-have been inaccurate b the 
extentof 14% or /2%-. This, of course, is imr 
material in a procedura of the present type. 
Similarly, tl]e ethylene oxide-and propylene oxide 
were weighed as closely as possible, but here 
again the variation couldhave been_off. /e%. fo 
!%. 3gram moles of-the phenol were used.to 
provide the-resin. The amount o£.oxides 
ployed: are shown in the table. The amount of 
catalyst (sodium methylate) employed_Js also 
shown. In all instances the temperature, as 
stated, was noyer higher than 115 ° C. and genet/ 
ally varied ïrom 100 °- fo. 110 ° C. The pressure- 
was never higher than 40 pounds per squreinch, 
and in. all instances; the reaction was-complete 
in three hours. 
Oxyethylation or oxypropylation was conduct-. 
ed in the usual maïmer, first sweeping out the 
equipment with nitrogen and setting the contro!s 
as far as4he addition,of the oxide was,concerned, 
but ignoring the contro!s as far as temperature 
and. Pressure were concerned. Any adjustment 
required, in the marrer oï temper:.ture and pres- 
sure- could be-marie-manually byexamination of 
the gauges a few rimes during the entire proce- 
dure. Tle next stop was to add-the ethylene 
oxide or propylene oxide in such a manner that" 
if was injected in the reaction vessel in-some- 
where between 2 fo 2 /e hours, and then permib 
ring the fonction period, fo extend up to 3 hours 
so as to be sure all the oxide had combined. A 
specific example is included following by way of 
illustration: 
Example lb 
486 grams oï a resin of-the kind-described as 

10 
Example la of Patent 2;499,370 mixed with 300 
grams of xylene, were used as the initial charge. 
To4his there was added about 1% (5 grams) of 
sodium methylate. These ingredients were plaed 
5 in the autoclave and the autoclave sealed-and 
the. automatic devices adjusted for injecting a 
comparatively small amount of oxide, 135 grams, 
in about 2 ¼ hours. The reaction was continued 
îor atotal of 3 hours, however, fo be.sure it was. 
]o-.complete. This is a ratio of one mole of-oxi@. 
for each initial phenolic hydroxyl involved- 
resin. manufacture, The temperature was 
proximately 110 ° C. and the pressure was bSs. 
than 30 pounds per square inch. The finalprod: 
15. uct was a viscous, semi-resinous product, being 
somewhat between a resin and a viscous amber- 
colored .fiuid.obtained by increased :oxyethylti0n. 
In such instances where the resins employed were. 
liquids, needless to say, further oxyalkylation 
o.0 in the direction of reduced viscosity. Some-resins:. 
which were practically viscous liquids fo start, 
with, became;less viscous or more towards.the. 
.liquid stage.- The color varied from deep red or: 
amber in some darker shades and in some-in 
25 stances, lighter shades. The residual product: 
was, of: course; slightly alkaline. 
For the purpose, described in the. next succesr- 
sire part, each particular sample was.neutralize.d: 
with hydrochloric acid and thon the xylene: 
S0 eliminated by vacuum distfllation. The resin or 
tacky resinous liquid, or liquids, so obtained, was 
then dissolved: in ethy], alcohol and filter.ed, to 
remove any inorganic salts.. The xylene-free. 
$(î alcohol solution was used for hydrogenation. 
The Ïollowing table illustrates a variety of 
suitably oxyalkylated resins. Such resins-can 
be treted of- course, with glycide in  exactly- t-he 
saine manner under the saine conditions, with 
40 the exception, that the autoclave, is simply used 
as a reaction, vessel with a condenser and withr 
out the use. of pressure, ttowever, in. handling 
glycide, I pzefer to use the glass resin pot in the 
mannepreviously described. Glycide reacts verF 
45 rapiclly- and the. molecular proportions, etc., are 
within:the limit previously specified. 
In:.column 2; the resins._are identified-in:terms. 
of the exumple number of Paten 2,499,370: 

E: 

4bç ........ 
5L_ ...... 
7b ç ........ 
10b'_ ....... 
11K ....... 
12b-_ ....... 
13Y ....... 
14b ......... 
15b ........ 
16b ........ 
17k ....... 
19b ........ 
20b ........ 
2lb 
22bî  ...... 
23k ....... 
24b ........ 
Nb_- ....... 
26bï: ...... 
27b: ....... 
28b-_ ....... 

' [ [No of Gr 
ïo]es ' 
Grs. of  
Resin -  - " Repre- 
omçon sented by 
__ Solution 
la [ 786"1 3 
la I 78G / 3 
la ] 786 / 3 
3a- 828 [ 3 
3a [ 828.] 3 
7a 80/ 3 
7aI STO / 3 
7a I 870"/ 3 
Sa-/ 954 / 
Sa 954 ! 3 
9a" 86' 
9a 846 3" 
9a 846 3 
69a 1;032 3 
69a 1,03 " 3 
69a 1,032 3 
70a 996 3 
70a 996 J 
70 996 3 
70a. 1, 038 
70a 1, 038 3 
70a 1,038 3 
73a" 1,122 3 
73a 1,122- 3 
73a. 1,122 3 
14a 810 

Grs. Mol. 
ET0 Equiv- 
Used aient. 

135 3 
2OO . 4 
235 
135 3" 
200 
235 
135 3 
2o 
235. 5 
135 3 
200 4 
135 3'- 
200 
235 
135 3 
200 4 
1351 3 
200- 4 
1851 3 
2001 4 
235 
135 3 
200 4 
235 .5 
135 

tio 
[ol, 
de to 
nolic 
[y- 
xyl 

1:1 
t:i 
lS:! 
1:1 
1:1 
lS:1 
1:1 
1½:1 
I:I 
1½:1 
iI 
I:i 
i:! 
I:i 
II 
I:I 
I:I 
I:I 
I:I 
IW:I 
I:I 
1½:1 
1:1 
!:I I 

remp, 

95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115. 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
95-115 
952115 
95-115 

Man Pres. 
per sq. inch 

Time in hours 

Up fo 40 lbs_.. 3 hrs. or less. 
..... do ......... Do 
..... do ......... Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ......... Do. 
..... do ......... Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ......... Do.. 
..... do ........ Do. 
..... do ........ Do. 
..... do ........ DO. 
...... do ........ Do. 
..... do ........ Do. 
..... do _ _ __ .... Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ........ Do. 
..... do ........ Do, 
..... do ......... Do. 
..... do ......... Do. 
..... do ......... Do. 
..... do ......... Do. 
..... do ...... :__ Do. 
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Ex. No. 

No. of Gr. Ratio 
Moles Mol. 
Grs. of Orig. Grs. Mol. Oxtde to 
Ex. Resin 
No. of PhenoI ETO Equiv- Phenolic 
Resin Xylene Repre- Used aient Hy- 
Solution sented by droxyl 
Solution 

29b ........ 14a 810 3 200 4 1:1 
30b ........ 14a 810 3 235 5 1/:1 
3lb ........ la 786 8 175 8 1:1 
32b ........ la 786 8 260 4 I:I 
88b ........ la 786 3 305 
34b ........ 3a 828 3 175 3 1:1 
85b ........ 3a 828 3 260 4/ 1/:1 
36b ........ 3a 828 3 305 5 
87b ........ 7a 870 8 175 8 I:I 
38b ........ 7a 870 3 260 4 1:1 
89b ........ 7a 870 3 305 5 1:1 
40b ....... Sa 954 8 175 8 1:1 
41b ........ Sa 954 8 260 4/ I/:I 
42b ........ Sa 954 3 805 5 I:I 
43b ........ 72a I, 088 3 175 8 I:I 
44b ........ 72a 1, 038 3 260 
Sb ........ 72a 1,038 8 805 5 1:I 
46b ........ 73a I, 122 8 175 8 I:I 
47b ........ 73a I, 122 3 260 4 I}/2:1 
48b ........ 73a I, 122 3 305 5J 1:I 
49b ........ 14a 810 3 175 3 1:1 
50b ........ 14a 810 3 260 
51b ........ 14a 810 3 305 5 I/.: I 
;2b ........ 24a 1, 062 3 175 3 I: 1 
53b ........ 24a 1, 062 3 260 4. 1/2:1 
54b ........ 24a I, 062 3 305 5 I: 1 
55b ........ 34a 848 3 175 3 I; 1 
56b ........ 34a 848 3 260 4 .,. I/.: 1 
57b ........ 34a 843 3 305 5 I: I 
58b ........ 80a I, 365 3 175 3 I: I 
19b ........ 80a 1, 365 3 260 4/ 1.,.: 1 
60b ....... 80a 1,365 3 305 5 i:I 

Catalyst 
Employed 

mt. 
of 
Cata- 
Iyst 

Max. Max. Pre. 
Temp. 
°C. per sq. inch 

5-115 Up to 40 lbs___ 
5-115 ..... do ......... 
5-115 ..... do ......... 
}5-115 ..... do ......... 
:}5-115 ..... do ......... 
:}5-115 ..... do ......... 
;}5-115 ..... do .......... 
;}5-115 ..... do ......... 
;}5-115 ..... do ......... 
5-115 ..... do ......... 
}5-I15 ..... do ......... 
;}5-115 ..... do ......... 
;}5-115 ..... do ......... 
;}5-115 ..... do ......... 
;}5-11.5 ..... do ......... 
}5-115 .... do ......... 
[}5-115 ..... do .......... 
}5-115 ..... do 
}5--115 ..... do ......... 
}5-11.5 ..... do ......... 
95-11 ..... do ......... 
95-11 ..... do ......... 
95-11 ..... do 
95-II ..... do ......... 
95-11 ..... do ......... 
95-II ..... do ......... 
95-11 ..... do ......... 
95-iI ..... do ......... 
95-11 ..... do ......... 
i 95-11 ..... do ......... 
95-11. ..... do ......... 
95--11 ..... do ......... 

Timo in hours 

3 hro.or less. 
Do. 
o. 
o. 
o. 
o. 
o. 
Do. 
Do. 
o. 
o. 
o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

The following examples illustrate the hydro- 
genation of the oxyalkylated resins. 
Exaple Ic 
The oxyalkylated resin was the one previously 
identified as Example lb. This product, as pre- 
pared, contained xylene and a small amount of 
basic catalyst. Enough concentrated hydro- 
chloric acid was added to neutralize the basic 
catalyst. As previously noted, the xylene was 
removed by vacuum distillation af a temperature 
hot in excess of 200 ° C. During the removal of 
the xylene, the water introduced by the addition 
of a small amount of hydrochloric acid was also 
eliminated together with any small excess of 
hydrochloric acid which may have been present. 
This residual material was then dissolved in 300 
grains of ethyl alcohol, i. e., an amount equal 
fo the xylene originally present. The anhydrous 
ethyl alcohol solution was allowed fo stand for 
three days and then filtered so as fo remove a 
small amount of precipitate. The amount of 
solution af this rime was substantially the saine 
as af the end of the previous operation, to wit, 
approximately 921 grains, of which 300 grains 
represented solvent. This was hydrogenated in 
two substantially equal hall portions. Approxi- 
mately 460 grains of the material described were 
placed in an autoclave along with 31 grains of 
Raney nickel. The amount of Raney nickel used 
in all instances was approximately 10%, by 
weight, of oxyalkylated reaction calculated on a 
solvent-free basis. 
The apparatus employed was a stirring type 
super-pressure autoclave manufactured by the 
American Instrument Co., Silver Spring, MaT- 
land, and described in their catalogue No. 406 
as the 4%"series. The instrument was, of 
course, equipped vith all the conventional fit- 
tings. The stirring speed employed was approx- 
imately 450 1. P.M. The following table shows 
the rime required fo hydrogenate. The initial 
rime period shows the starting period in the 
morning and the second and third columns show 

the gauge pressure in pounds per square inoh and 
the temperature in degrees centigrade: 

4O 

45 

5O 

Time 
8:00 ........ [, 270 
8:19 ........ [, 350 
8:22 ........ [, 380 
8:28 ........ [, 450 
8:31 ........ L 50 
8:35 ........ [, 550 
8:39 ........ 1, 580 
8:42 ........ L 630 
8:47 ........ l, 60 
8:53 ........ l, 700 
8:57 ........ I, 720 
9:01 ........ 1, 750 
9:05 ........ 1, 760 
9:10 ........ I, 760 
9:16 ........ 1, 770 
9:32 ........ 1, 780 
9:44 ........ I, 800 
9:48 ........ 1.820 
9:56 ........ 1, 830 
10:07 ....... 1, 810 1 
I0:14 ....... I, 800 

Pres- Tompera- 
sure ture C. 
15 
30 
40 
55 
70 
80 
95 
100 
110 
120 
130 
135 
135 
140 
140 
145 
150 
155 
160 
160 
165 

Time 

10:19 ....... 
10:30 ....... 
10:37 ....... 
11:01 ....... 
11:27 ....... 
11:43 ....... 
11:58 ....... 
12:07 
12:15 ....... 
12:22 ....... 
12:30 ....... 
12:39 ....... 
12:46 ....... 
12:55 ....... 
1:02 ........ 
1:12 ........ 
1:20 ....... 
1:4.2 ........ 
2:00 ........ 
2:16 ........ 
2:20 ........ 

1, 780 
1, 820 
1, 820 
1, 750 
1, 740 
1, 750 
1, 800 
1, 880 
1, 860 
I, 865 
1, 850 
1, 830 
1, 850 
1, 870 
1, 850 
1, 800 
1, 750 
1, 730 
1, 710 
1, 700 
I, 690 

Temper- 
ature °C. 

170 
180 
180 
165 
165 
170 
175 
180 
190 
205 
205 
195 
210 
200 
220 
280 
225 
225 
220 
230 
240 

The next morning, after standing overnight, 
the temperature had dropped to 26 ° C. and the 
55 pressure to about 835 pounds. The material was 
then removed by draining the autoclave and then 
washing with approximately 400 to 500 grains of 
anhydrous isopropyl alcohoL The mixture of 
alcohols was then removed by vacuum distilla- 
60 tion at less than 100 ° C. The hydrogenated prod- 
uct was substantially identical in color as prio r 
to hydrogenation, although there may have been 
some bleaching effect during the hydrogenation 
reaction. The solubility of the material was hot 
65 particularly changed in comparison fo the prod- 
uct prior to hydrogenation. The tests for aro- 
matic character, such as decolorization of bro- 
mine water, indicated that the product was 
entirely, or nearly entirely converted into a hydro- 
7{} aromatic compound. 
Similar hydrogenation was conducted in which 
no alcohol was employed as a solvent, the resin 
having been added to the autoclave in a powdered 
form, and in such procedure the temperature of 
 the autoclave was raised fo 120 ° C. before start- 
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ing- tïintroduce hydvogen. The: hydr.ogen vas 
intmduced, cautiously; being .car.eïu .fo: see. tlt 
the pressure--did noç-go, past 1.,9.00. pounds::and 
that the temperature did not ge.t. pas& 235Y C. 
The presence or absence of alcohol did.not seem 
to..matter particular; as if was merely:a choice 
with regard to convenience. Other-a!cohots: can- 
beused, such as methyl, propyl, etc. Suckalco- 
hols of course, do cause some increase in_pr.es 
sure, particularly at the higher operating tem- 
pea'atl'es. 
The saine procedm-e was carried out in. regard 
toall :the various oxyalkylated products descrihed 
above.. The followng ta:bl shows the; examp2e 
number correspondence between the oxyethylaed 
nor-hydrogenated material and the  deriati:¢e 
obtined by hydrogenation, together with the 
maximum temperature, pressure,, and rime 
ployed in hydrogerton. In each instrme: the 
amount of catalyst, employed (Raney nickel) wa 
approximately 10% of the solvent-free powder. In 
some instances, lowmolal alcoholswere employed 
s« solvents, and in other instances, no solvent 
was present. Actually, the hydrogenution pro- 
cedure-using laney nickel and equipment of the 
kind: now avaflable is comparati-vely simple. 
I.the marrer of hydrogenated phenol-aldehyde 
resins see U. S. Patents 2,072,1.42 and 2,072,143, 
both dated March 2, 1937, and both to Ubben. 

Ek:o: of Hydro- 
genated. Deriva- 
tire 

10 ................. 
llc ................. 
12c ................. 
13c ................. 
15c ................. 
16c ................. 
18C_: ............... 
19g ........  ........ 
20C ................. 
21c ................. 
28C 
24C ................. 
26C ................. 
26. ................. 
27C ................. 
28C ................. 
ggg ................. 
30b ................. 
81c ................. 
32 ................. 
a3e ................. 
3¢ ................. 
36è ................ 
37c ................. 
3c ................. 
age ................. 
40b ................. 
41c ................. 
42g ................. 
43C ................. 
44c ................. 
450 ................. 
46c ................. 
48b ................. 
49 ................. 
5ûc ................. 
51c ................. 
52c ................. 
5 ................ 
5 ................. 
560 ................. 
57c 
5gc 
60b ................. 
6 .............. 

Ex: No. of 
0xyalkyl- Temp. 
ated Resiu  
lb 
2b" 
3b 
5b 

6b 
7b 
8b 
9b 
10b 
1lb 

12b 
13b 
14b 
*5b 
16b 
18b 
19b 
20b 
21b 
22b 
23b 
24b 
26b 
2ïb 
28b 
29b 
30b 
31b 
33b 
34b 
38b 
36b 
37b 
38b 
39b 
40b 
4lb 
42b 
43b 
44b 
4ab 
48b 
47b 
45b 
49b 
50b 
5lb 
52b 
53b 
54b 
55b 
56b 
57b 
58b 
59b 
6Oh 
6lb 
62b. 

245 
260 
230 
250 
240 
245 

Max. Fres. Time of. 
lbs. per Hydro- 
square dnch- geRation 
]ours 
1,870' 
1,830 
1, 790 
1,815 
1,890 
1, 835 
1,795 
1,800 
1, 7a0 
1, 725 
1,750 
1,725 
1,800 
1,825. 
1,830 
1,850 
1, 700 
1,820 
1, 800 
1,835 
1,820 
1,816 
1,850. 
1; 825" 
1,830 
1,750 
1,765 
1, 765 
1, 780 
1, 890 
1,800 
i, 
1,790 
1,780 
1, 725 
1,725 
1, 
1, 820 
1,880 
1,795 
1, 725 
1,800 
1, 7.q0 
1, 820 
1,835 
1,850 
1,816 
1,790 
1,750 
1,890 
1,850 
1, 730 
I, 865. 
1,770 
!, 840 
1, 890 
1, 755 
1,835 
1, 860 
1, 820 
1;.850: 
1, 795 
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As fo changein:physIcal.appear ance s a result 
of' hydogerton,-_ attention is_ direeted:..to: wha. 
has. been. satd. p_:eceding: H:d:ogenatior. -in. nur 
merous, cases does show some. bleaching_ effèct. 
5 The. hydroger.ated:product h:eed..from solver.t 
which,would be susceptible fo. reactior, witb_g.lyc£-: 
.dyl/ allyl, ehe; was admixed with appr.oxi..- 
mately::300 grains oL xyleme and appoximately 
1% of sodium, methylate. Needles to sait, the 
alcohol:.emploged as. a solver.t, ad..ior that. mat- 
10 ter, the.xyler.e: employed as a solvent:in. 
ing the initial resin,, could be. replaeed: bN a soL-. 
ver. which wouldm, ot be objectionable either.:frem 
a-.star.dpoin oï hydoger.atior, or oxyatkyIair 
15 as, for example, decalin: Again, as has.-been 
pointed out, all the reactior.s, involed :car./.be 
cor*ducted in abser.ce of ar.y solvent: This.-is 
lmarely a marrer o£ convenier.ce. 
In r.oting the size of the batch subjectad 
20 reactior, with allyl glycidyl ethe, 
taker, for. increase in weight, due fo. h:dogena.- 
tion, for the.reasor, that this is a comparatively 
small factor and there bave beer., some losses: in 
fiItering,, ar.d otherwise. Therefore the. tigre:es 
5 that follow correspond in esser.ce t the gures 
appearing in Table II, which show the grains-of 
xyler.e solutior., plus the oxide added. " Actually, 
the treatmer.t with allyl glycidyl ether, as previ- 
ously noted, is. af. oxyalkylation process and the 
30 reactior, is cor.ducted in the saine manne as 
previously mer.tior.ed ar.d is subs£antially the 
same as or.e would conver.tior.ally employ, in. the 
use of glycide. 
As previously indicated, the r.ex step is the. 
reactior, betweer, allyl glycldyl ether ar.d the ali-= 
cyclic compour.ds obtained in the mat.ner de- 
scribed above. Such alicycliccompounds are 
poly.hydroxylated, having ai least thr.ee or more 
hydroxyl radicals per molecule. Ger.erally speakr 
ing; the r.umber of hydroxyl, radicals, if obtained 
by the reactlon of ethyler.e oxide or propyler.e 
oxide, for example, would run from 3 fo g or 8, 
ur.less the resir., prior fo hydroger.atior., had beer. 
treated in such a mariner as to bave preser.t a 
geater number, of phenolic, hych'oxyls, such as a 
condensatlon reaction.to increase the resin mole- 
cule size. Obviously, if glycide or methylglycide 
were used, thenumber of hydroxyl radicals would 
be substar.tially larger, for instar.ce, 10, 15, 20 or 
ever. more. If. ar.y ever.t, the amour.t of allyl 
glycidyI ether employed is sufficier.t to cor, vert 
at least a plurality of hydroxyl radicals per mole- 
cule into the com'esponding allyl compound ar.d 
may be er.ough to cor*vert alL hydroxyls preser.t, 
or two or three rimes thls molal amount. More 
allyl glycidyl ether car* be employed thar. corre- 
spot.ris to the molal proportior., based or..hydroxyl 
radicals preser.t, for the simple reasor, that at 
each stage of reaction a hydroxyl is obtained 
which in turn, is susceptible to further oxyalkyl- 
atior., with ar.y alkyler.e.oxide, ar.d of course, with 
allyl glycidyl ether. 
The use of allyl glycidyl ether, as previously 
r.oted, involves substar.tially the saine procedm'e 
ar.d equipment as glycide. The glass equipmer.t 
pr.eviously described could be used, although I 
bave round, if- more convenier.t to employ the 
larger laboratory autoclave previously described. 
he. use. wflL be fllustrate.d by the following 
examples. 
Emzrnp. 1 
The same piece of eq.uipment was emp.loyed as 
praviously described, i. e., an autoclave, although 
75 in the instant procedure involving the use of llyl 

61 
6 
5g 35 
6a4 
6a 
5} 40 
7 
7 
5 45 
7- 
7 
8 
7i- 50 
7' 
6 
. 55 
6 
7 
r- 60 
7 
6 
5-- 
7 
7.. 
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lS 
glycidyl ether, there was no pressm'e involved 
and certain changes were ruade, as noted subse- 
quently. The autoclave was equipped with a 
water-cooled condenser which was shut off when 
used as an autoclave. It was equipped also with 
a separatory ïunnel and an equalizing pressure 
tube so the liquid, such as allyl glycidyl ether 
could be fed continuously ata drop-wise or faster 
rate into the vessel, and the rate was controlled 
by visual examination. For convenience, this 
piece of equipment is referred to as an autoclave, 
because itis essentia]ly designed for such use, 
but itis tobe noted itis not so used when allyl 
glycidyl ether, or for that matter, glycidol, was 
employed as described above. 
There were chargid into the autoclave 921 
grains of a xylene solution (containing 300 grains 
of xylene) identified as Example lc, preceding. 
Such amount of sodium meVhylate equivalent to 
about 1% of the hydroxytated reactant was added 
as a catalyst, which, in this instance, was 6.5 
grains. The autoclave was sealed, swept with 
nitrogen gas and stirring started and heat 
plied immediately. The temperature was allowed 
to rise fo 123 ° C. The allyl glycidyl ether em- 
ployed was the technicatly pure product. 
The hydl)xylated reactant present in the auto- 
clave represented aPproximately 3 racles of phenol 
when calculated back to the initia1 reactants. 
The amount of allyl glycidyl ether added was 
approximately 3 racles or 350 grains. This was 
added over a 3/2 hour period. This was charged 
into the upper reservoir vessel which had been 
flushed out previously with nitrogen and was, in 
essence, the equivalent of a separatory funnet. 
The oxide was sçarted slowty into the reaction 
mass at a drop-wise rate. The reaction started 
immediately and t.he temperature rose approxi- 
mately 13 ° o 19 °. Cooling water was run through 
the coils so the tempm'ature for Vhe addition of 
the oxide was controlled within the range of 

18 
fo avoid any possible entrance e£ air. Under such 
operation there was, of course, some loss of xylene, 
but examination revealed no loss of the oxide. 
The product, so obtalned, was fiuid, lighter in 
5 color than the Lnitial example, s«nd on examina- 
tion, was round to be comparative!y free ïrom 
unreacted oxide. Likewise, examination by deter- 
mination of the hydroxyl number showed sub- 
stantial completene of reaction. Needless to 
I0 say, such procedure alto increased the water. 
olubility of the produit. -. 
What is said. in. this Lnstance in regard to 
physical properties applies, for all practical pur- 
poses, to ail exanoEples obtained. Obviously, where 
15 increased amounts of the ether were employed, 
the final product tended to show more and more 
the characterisçics of a viscous liquid comparable 
to castor off or slight!y blown castor off. The 
color also.decreased as more oxide was added. 
2O 
E:campe 2g 
The salme procedure was employed as in Ex- 
ample ld, preceding, using the saine operating 
procedure and substantially the saine retaper.a- 
25 ture range, with this difference: the product sub- 
jected to treatment with allyl glycidyl ether was 
the hydroxylated compound identified as Example 
2c, preceding. The 2nount employed in this in- 
stance was 98 grains, including 300 grains of 
;»0 solvent. The amount of sodium methylate used 
as a catalyst was 7/2 grains. In all other respects 
the operating procedure was identical with te 
two preceding examples. 
Operating data in regard to similar examples 
35 are giron in the table immediately following. 
Incidentally, it is to be noted that one need 
hot use sodium methylate as a catalyst, but can 
use any one of a number of other suitable cata- 
lysts such as caustic soda or caustic potash. 
40 Stannic chloride or boïon fluoride ether complex 
are also satisfactory. 

Ex. No 
ld .......... 
2d .......... 
3d .......... 

5d .......... 
6d .......... 
7d .......... 
8d .......... 
10d ......... 
lld ......... 
12d ......... 
13d ......... 
14d ......... 
15d ......... 
16d ......... 
17d ......... 
18d ......... 
19d ......... 
20d ......... 
21d ......... 
22d ......... 
23d ......... 
24d ......... 
25d ......... 
26d ......... 
2d ......... 
28d ......... 
29d ......... 
Od ......... 

Ex. No. of 
A]icyc]ic I 
Cmpd. 
Used 
10c ........ 
11c ........ 
12c ........ 
17c ........ 
18c ........ 
19c 
25c ........ 
20c ........ 
270 ........ 
I0c ........ 
11¢ ........ 
2c ........ 
17c ........ 
18c ........ 
19c ........ 
25c ........ 
26c ........ 
270 ........ 
37c ........ 
38c ........ 
39c ........ 
49c ........ 
500 ........ 
51c ........ 

Amt. of 
Alicyc]ic 
Cmpd. 
Used (soi- 
vent-froc 
basis) grs. 

{'t 
So]vent 
621 Xy]ene._ 
686 
721 
789 .-.do 
854 .-.do .... 
889 ..-do .... 
87 .--do .... 
932 .._do .... 
967 .__do .... 
957 .__do .... 
1,022 .__do .... 
1,057 .__do .... 
621 .-_do .... 
68 ...do .... 
721 .._do .... 
789 .__do .... 
8 .--do ..... 
889 .__do .... 
867 ._.do .... 
932 .._do .... 
97 _.-do .... 
957 .__do .... 
1,022 ._.do .... 
1,057 ._.do .... 
745 .__do .... 
830 .__do .... 
875 .._do .... 
685 
...do .... 
{ 
._.do .... 
770 
8{ ..-do .... { 
{ 

%1 t" { Catalyst 
i0 Sodàum mcthylate. 
800 ..... do 
800 / ..... de ............ 
800 .... de ............ 
800 ..... de ............ 
800 ..... de ............ 
800 ..... de ............ 
300 ..... du ............ 
300 .... do ............ 
300 ..... do ............ 
300 .... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
800 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 
300 ..... do ............ 

Ami;. 
grs. 

}oEolal ratio] 
of AGE to M 
Amt. each lVole ax: 
AGE , - , eraure C 
rfleno]- .  
grs. Origina]]y Reactlon 
present 
6.5 
7½ 
7½ 

8 
9 
9 
9 
I0 
I0 
i0 
i0 
ll 
7 
7 
7 
s½ 
9 
10 
9 
9½ 
lO 
lO 
I0 
11 
8 
9½ 
9 
7 
s½ 

35O 
35O 
35O 
35O 
35O 
35O 
35O 
35O 
35O 
35O 
35O 
35O 
35O 
260 
260 
260 
260 
260 
26O 
20 ! 
260 ! 
260 
260 
50 
50 
 350 

1:1 
1:1 
1:1 
1:1 
1:1 
1:1 
1:1 
hl 
1:1 
1:1 
1:1 
1:1 
1:1 
3:4 
3:4 
3:4 
3:4 
3:4 . 
3:4 
3:4 
3:4 
3:4 
3:4 
3:4 
i:I i 
I:i 
i:i 

Time of 
le- 
action 
Not over 138 
138 2 
138 4 
138 
138 
138 4 
138 4½ 
138 4 
138 
138 2½ 
138 2 
138 
138 4 
18 4½ 
138 
138 4 
138 4 
88 
138 4- 
138 
138 3½ 

115 ° to 135 ° C. The reaction rock place at atmos- Attention is again directed to the ïact that 
pheric pressure with simply a srnall stream of other suitable solvents other than xylene may 
nitrogen passLng into the autoclave at the very be used, such as decalin, cymene, etc. Other 
top, and passing out of the open condenser so as 75 suitable catalysts can be employed. It is also 
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pointed out that the amount of allyl glycidyl 
ether employed need be only enough fo introduce 
a plurality of allyl radicals per resin mo!ecule, or 
may be enough to introduce .a number of allyl 
radicals equal fo the original phenolic hydroxyls, 
or twice as many, or three rimes as nany. My 
preferred ratio is to use 3 moles of allyl glycidyl 
ether for each 4 moles of phenol original]y used, 
or to use an equal number of moles, 4 for 4, or 
else 5 moles of allyl g]ycidyl ether for each 4 moles 
of phenol originally used. 
ïhe allyl .radical-containing products are 
polymerized in much the saine way as com- 
parable products, for instance, castor off, de- 
hydrated castor off, allyl sucrose, or the like, are 
polymerized or thickenecl or bodied. Such poly- 
merization is due essentially to the allyl groups 
undergoing allyl or vinyl condensation, or poly- 
merization. Such viny polymerization is usually 
induced by use of a peïoxide catalyst, such 
benzoyl peroxide or blowing with a gaseous oxy- 
gen-containing medium, or by using a combina- 
tion of the two procedures. 
In any event, the usual steps are taken to free 
the compound from any solvent, such as xylene, 
which may be present and also fo tender it as 
neaïly neutral as possible and to rmove any 
inorganic salts which would tend to separate out. 
A slight basicity, due fo the presence of a basic 
tertialT amine, is desirable in connection with the 
use of a peroxide. This applies whether the 
peroxide is used for partial polymerization, fol- 
lowed by blowing with.air, for example, or is 
sponsible totally for the polymerization. This 
practice, i. e., the use of a tertiary amine to act 
as an activator in peroxide, for instance, benzoy] 
peroxide, fo induce polymerization is well known. 
Tin chloride seems fo bave similar properties, 
but is hot as satisfactory. For a number of 
reasons, oMdation by means of air alone seems to 
be the simplest and the most satisfactoïy pro- 
cedure. 
Briefly stated then, the various products iden- 
tifled as Examples là through 30à, preceding, are 
neutralized with sufficient concentrated hydro- 
chloric acid to make them neutral. Any sodium 
chloride formed is removed by fifltering. ïhe. 
product is then subjected to vacuum distillation 
which removes the xylene used as a solvent and 
also any water formed during the neutralization 
step. ïhe final product varies from a semi-vis- 
cous liquid to a viscous or tacky liquid, or a 
product which exhibits almost a solid state at 
ordinary temperature. In all instances these 
products are fluid af the temperature employed 
for polymerization, for instance, 110 ° to 150 ° C. 
Previous reference has been ruade fo the fact that 
polymerization with air is comparable to the 
procedure that is used in obtaining an oxidized 
off or blown off, or a polymerized castor off from 
castor off or similar materials, as, for example, 
allyl sucrose. Such products are producecl by the 
common practice of blowing or oxidizing the poly- 
merizable material by means of a gaseoui 
medium, such as air, oxygen, ozone, or ozonized 
air. The gaseous medium, such as air, may be 
mois or dry and the oxidation, or better still, 
polymerization, may take place in presence or 
absence of a catalyst. The catalyst may be of a 
metallic type, such as lead ricinoleate, cobalt 
ricinoleate, manganese ricinoleate, etc., or it may 
be of an organic type which produces a peroxide, 
such as alpha pinene, linseed off, etc. Similarly, 
as previously noted, peroxides themselves, such 
as benzoyl peroxicle, or similar peroxides, may be 

employed as catalysts or to initiate the incipient 
stage of polymerization. Such peroxide catalyst 
may be used in presence of a basic tertiary amine, 
as previously noted. The amount of catalyst 
5 may vary from as little as one-tenth of 1% fo 1%, 
or somewhat less. ïhe amount of tertiary amine 
employed in connection with the peroxide is 
usually in approximately the saine ortier of mag- 
nitude, i. e., one-tenth of 1% up to 1%. Examples 
]0 of such tertiary amines include tributylamine, 
triamylamine, tricyclohexylamine, etc. 
lolymerization can be induced by oxidation at 
atmospheric pressures or superatmospheric pres- 
sures, i. e., pressures up to or including 200 
15 pounds gauge pressure, and at temperatures from 
slightly above the bofling point of water, up to 
any temperature that does hot produce undue de- 
composition by pyrolytic reaction. 
îhe rime of polymerization, as induced by blow- 
20 ing' or oxidation, may be fairly brief, for ex- 
ample, less than 25 hours, particularly if such 
oxidation takes place in conjunction with the use 
of a peroxide, such as acetyl peroxide or benzoyl 
peroxide. On the other hand, in some instances, 
25 using a temperature of approximately 130 ° C., it 
is sometimes necessary fo b]ow the mixture for 
as long as 125 fo 150 hours. 
Not infrequently there is a change in the index 
of refraction of products during the polymeriza- 
30 tion stage. In other words, as the allyl radicals 
disappear, due to polymerization, there is an 
crease in the index of refraction. Under any par- 
ticular set of conditions a study of such index of 
refraction may be helpful in controlling the poly- 
35 merization, although as a rule, viscosity is equally 
satisfactory insofar that no effort is ruade fo 
reach an exact quantitative point in the poly- 
merization range. Generally speaking, I have 
tempted fo prepare compounds having af least 
40 three different degrees of polymerization. One 
stage is where there bas been a noticeable in- 
crease in Viscosity and the difference is sub- 
stantially comparable to the difference between 
heavily blown castor off and ordinary castor off; 
45 the second stage is the point where the product 
begins to show incipient stringiness. This is 
probably where incipient gelation or cross-link- 
ing starts to take place. The third stage is where 
stringiness is hot only obvious but a solution of 
50 the polymerizecl solution in xylene, for instance, 
a 50% solution, still shows stringiness but is still 
soluble. Itis tobe noted ttiat the ultimate prod- 
uct, whether below the stringy stage or in the 
incipient stringy stage, or af the stage where even 
55 a 50% solution in xylene is stringy, must be S01u- 
ble in an organic solvent, such as xylene, low 
molal a]cohols, decalin, diethylether Of ethylene 
glycol, cycloheXanal, or the like. If the product 
is hot soluble in any one of the common hydro- 
60 carbon or oxygenated solvents, itis hot satisfac- 
tory, for the herein described process. 
Polymerization is illustrated by the following 
examples: 
Example le 
65 A product oï the kind identh2ed as Example 
above was ïreed flore inorganic solvents and 
salts, The product was substantially neutral. 
1500 grains oï the product were placed in n or- 
dinary 3-1iter flask. The ir terminal inlet was 
70 provided with a device which gave a multiplicity 
oï small, fine bubbles. This was accomplished by 
means oï a poróus ceramic tube fltted to glass 
nd available rom varios laboratory supply 
bouses. The impur oï ir was such that there 
7 was a continUous stream of air passing tlrough 
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tiae reaction mass sufficient to provide at least 
moderate agitation. The temperature was raised 
to 138 ° C., and then air was passed through for 
117 hours. During approximately the rst third 
of the period, i. e., for the first 40 hours, there 
did hot seem tobe any particular change. 
During the second 40 hours the material 
gan to darken and was almost blackish-red at the 
end of 80 hours. By this rime there was a mod- 
est but appreciable change in viscosity, even 
though hot so marked as at the end of the final 
reaction period. Viscosity, of course, could not be 
judged satisfactorily when the material was hot, 
but when the reaction mass was allowed to cool 
and the viscosity compared with that of the ini- 
tial reaction mass at the saine temReratue, for 
instance, room temperature, it was obvious that 
a thickening somewhat suggestive of the change 
that takes place when castor off is converted into 
a light blown castor off, had taken place. 
At the end of the final period the viscosity of 
the product had greatly increased and was sug- 
gestive of that of heavi]y blown castor off. The 
initial product showed a viscosity more com- 
parable to ordinary castor off. This product was 
considered a characteristic as being the result of 
mild blowing or mild polymerization. Note what 
is said in regard to such characterization in sub- 
sequent Example 
Example 2e 
The saine pïocedure was ïollowed in every way 
as in Example le, except that the initial charge 
was 1500 grains of a product identified as Ex- 

2O 
substantially comparable to Example le, preced 
ing. 
Exaïnple 7e 
The same procedure was employed as in 
5 amples le through 6e, preceding, except that a 
stirring device was included in the reaction fiask 
along with the distributing unit. In this case the 
temperature was held at slightly less than in 
the previous six examples, i. e., at about 136 ° C. 
10 The stirring device apparently gave better oxi- 
dation, which, in tre'n, resulted in more-effective 
polymerization. At the end of the 110 hours the 
product was hot only stringy, but when mixed 
with an equal weight of xylene, the 50% xylene 
15 solution, so obtained, showed stz2nginess. In fact, 
the product, prior to dilution in xylene, was even 
more than stringy--it was somewhat rubbery. I 
bave characterized the product which is blown 
just short of the rubbery or stringy stage, as ex- 
20 emplified by Examples le to ôe, preceding, as be- 
ing mfldly oxidized or mfldly blown, or mildly 
polymerized. 
I bave used the expression "drastically oxi- 
dized" to indicate a product which is no only 
25 stringy or rubbery as such, but also is highly vis- 
cous and shows stringiness or rubberiness in the 
50% xylene solution. Such stage is typified by 
the present example, i. e., Example 
30 Examples 8e fo 
The saine procedure, i. e., the production of a 
drastically polymerized produc was applied to 
Examples 2a, 3a, 28a, 29a, and 30a, in the same 
manner as described in Examples 2e through 6e, 

ample 2ai preceding. The temperature of poly- 35 inclusive, except that the stirring device was 

merization, the rime period, the change in the 
product, change in color, final viscosity, etc., were 
substantially comparable to Example le, preced- 
ing. 
Example 3e 
The saine procedure was followed in evez way 
as in Example le, except that the initial charge 
was 1500 grains of a product identified as Ex- 
ample 3a, preceding. The temperature of poly- 45 
merization, the rime period, the change in the 
product, change in color, final viscosity, etc., were 
substantially comparable to Example le, pre- 
ceding. 
Example 4e 50 
Thé saine procedure was followed in every way 
as in Exampel le, except that the initial charge 
was 1500 grains of a product identified as Exam- 
ple 28a, preceding.. The temperature of polymer- 55 
ization, the rime period, the change in the prod- 
uct, change in color, final viscosity, etc., were sub- 
stantially comparable to Example le, preceding. 
Example Se 
60 
The saine procedure was followed in every way 
as in Example le, except that the initial charge 
was 1500 grains of a product identified as Exam- 
ple 29a, preceding. The temperature of poly- 
merization, the rime period, .the change in the 65 
product, change in color, final viscosity, etc., were 
substantially comparable ço Example le, preced- 
ing. 
Example 6e 

used in each instance and in no case was a tem- 
perature higher than 140 ° C. employed. In each 
instance the final products were dark, stringy, 
or almost rubbery and showed stringiness or tub- 
49 beriness in a 50% solution of xylene. 
Example 13e 
The saine procedure was employed in every re- 
spect as in Examples le through Te, preceding, 
and the particular procedure employed was the 
use of the stirring device, as described in Example 
Te. The initial charge as belote was 1500 grains 
of the product identified as Example la. The 
temperature of polymerization was again within 
the range of 135 to 140 ° C. 
In this example, and in the subsequentfive ex- 
amples, the rime period was less than in Examples 
Te to 12e, inclusive. In the instant example it 
was 82 hours. This product at the end of this 
period showed a definite tendency to string or 
rubberize, but this property practically dis- 
appeared when a 50 % solution in xylene was pre- 
pared. " I bave referred to this particular stage as 
being semi-drastically oxidized to indicate 
product which shows incipient stringiness, as 
such, but where such stringiness disappears on 
dilution, as previously noted. 
Examples 14e to 18e, inclusive 
The saine procedure was followed as in Ex- 
ample 13e, preceding, i. e., a procedure employed. 
so as to produce a semi-drastically polymez2zed 
product and the products subjected to polymer- 

ization were identified as Examples Sa, a, 28a, 
The saine procedure was followed in every way 70 29a, and 30a, preceding. 
as in Example le, except that the initial charge Actually blowing or polymerizing can be con - 
was 1500 grains of a product identified as Ex- ducted with ozone or ozonized air, as well as air. 
ample 30a, preceding. The temperature of poly- which may or may hot bave its moisture content 
merization, the rime period, the change in the eliminated. In this particular type of reaction 
product, change in color final viscosity, etc., were 75. have found no advantage in going to any added: 
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cost in egard fo the oxygenating procedure 
which initiates polymerization. 
The saine is true of a catalyst, such as lead, 
manganese or cobalt naphthenate or the like, as 
has been described in .the literature previously 
mentioned. " Such catalyst in comparatively 
small amonnts, one-tenth percent or preferably 
less, will speed up the polymerization, but here 
again I have not round this particularly desir- 
able. Since itis usually intended to stop the 
polymerization at some particular point by use 
of a mild blowing or semi-drastic blowing, or a 
drastic blowing, it is of greater convenience to 
approach the .end point slowly, rather than 
rapidly, and also to have polymerization cease 
when the air stream st0ps. 
As I have pointed out previously, the peri0.d 
of oxidation can be contro]]ed in various ways; 
for instance, a higher temperature can be used 
or more air will be forced throngh the mass; 
morè violent agitation can be employed; and 
most important of all, if desired, one can shorten 
the so-called incubation pelod by use of a 
peroxide alone or a peroxide in combination with 
a tertiary amine. My exPerience indicates that 
in many instances there are present materials 
which appear to inhibit the polymerization step, 
possibly a trace of phenolic compounds. Oxida- 
tion appears to counteract or destroy these 
products slowly and then an incubation period 
seems to develop where peroxide, or the like, is 
built up. After this stage, polymerization takes 
place comparatively rapidly. This conforms fo 
the pattern of other comparable polymerizations 
involving allyl compounds. I bave been able to 
cut clown the rime required in preparation of 
products characterized by Examples le through 
18e, preceding, by doing n0thing more than add- 
ing about /4% of benzoyl peroxide and blowing 
until incipient viscosity change takes place. If 
this did not appear in the first ten hours, I then 
added a second equal portion of benzoyl peroxide 
and repeated. Usually, the flrst addition of ben- 
zoyl peroxide or a slightly larger amount was 
suflicient. In some instances, I have ruade an 
addition of a third portion of benzoyl peroxide, 
but it has been exceptional that this has been 
required. Actually, all the various stages of 
polymerization can be obtained by use of a Per- 
oxide induced polymerization in a fourth or a 
third or in one-half the rime required by air 
al0ne. 
The final Product obtained by these pro- 
cedm'es varied from heavily viscous liquids fo 
semi-rubbery or almost rubbery, or in fact, rub- 
bery solids or semi-solids which in each and 
every instance, were soluble in an orgargc sol- 
vent, as previously described. Need]ess to say, 
oxidation can be conducted in any convergent 
size reaction vessel; in fact, in a fiask smaller 
than a 3-1iter flask. This size is used simply as a 
rnatter of convenience. 
I have previonsly pointed out that the prod- 
ucts so obtained bave utility for processes other 
than being subjected to oxyalkylation. 
The. polymerized derivatives above were sub- 
jected to oxalkylation by means of the various 
alkylene oxides previonsly described. The equip- 
ment used and the procedure were the saine as 
described above except in the following respect. 
In the oxyalkylation to produce the oxyalkylated 
resins which are subsequently hydrogenated, etc., 
the. am0unt of alkylene oxide added per initial 
rea_ctant, i. e., the product being subjected to oxy- 
alkylation, was comparatively small. The amount 

of alkylene oxide was in the neighborhood of one 
fo two moles per phenolic hydroxyl. For .this 
reason, the reaction period Was comparatively 
short, regardless of whether high temperature or 
5 low temperature oxyalkylation vas used. The 
expression "high temperature" refers to oxyl- 
kylation taking place at 150 ° to 200 °. C., or, in 
some instances, somewhat bïgher. The expres- 
sion "low temperature" oxyalkylation refers to 
10 temperatures.approximately that of the bofling 
point of water, for instance, 80 ° fo 90 ° C., .with 
100 ° to 110 ° C. as average, and perhaps as high as 
120 ° C. at rimes. Suitable equipment is :used fo 
control the rime period involed, i. e., the speed 
15 of injecting the oxide, and .also the maximum 
temperature, the. maximum pressure, etc. In 
the oxalkylations described atone, in ortier fo use 
a comparatively low temperature (11{} ° to 120 ° 
C.), two additional control units were .connected 
e_0 to the equipment. 
In the present oxyalkylation process., the 
amount of alkylene oxide being added is compar- 
ativety large, for instance, an equal weight or 
twice the weight, three rimes the weight, several 
25 rimes the weight, or even more, based on the in- 
itial reactant. For this reason, the higher tem- 
peratures were employed and the low tempera- 
ture controls previously referred to were discon 
nected. The process is comparatively simple; 
30 the polymer, either as such .or dfluted with 
lene or other suitable solvent, if desired, is placed 
in the autoclave along with a suitable amount of 
alkaline catalyst, usually sodium methylate. The 
equipment is flushed out with nitrogen, varions 
35 controls set, and oxyalkylation proceeds in the 
conventional manner. The procedure w]ll be il- 
lustrated by the following examples: 
4o 500 grams of the polymer identifled as Exam- 
ple le, preceding, were mixed with 500 grams of 
xylene and 10 grams of sodium methylate. The 
reaction vessel employed was a stainless steel au- 
toclave, with the usual devices for heating, heat- 
45 control, starter, inter, ourlet, etc., which are con- 
ventional in this type of apparatus. The capac- 
ity of the autoclave was approximately 3 ½ liters. 
The stirrer was operated at approximately 300 
1. P. M. There was charged into the autoclave 
5O the mixture previously referred to, i. e., the P01Y- 
mer, the solvent, and the catalyst. The auto- 
clave was sealed, swept with rgtrogen gas, and 
stirring started immediately.and heat. applied. 
The temperature was allowed to fise to approx- 
55 imately 150 ° C. The automatic controls were set 
to stop the reaction ai 165 ° C. and also to stop 
the eqnipment in event the pressure got higher 
than 200 pounds per square inch. The amount of 
ethylene oxide added was 500 grams. The inlet 
6O speed was set so as to introduce this amount of 
oxide in 2½ hours. The injection of the ethylene 
oxide was controlled so it would all be added in 
one hour's rime. An allowance was made for the 
fact that the pressure control or temperature 
65 control might stop the injection of ethylene oxide 
af varlous intervals during the addition of the 
oxide, and for thls reason, a 2-bout rime period 
was allowed for actual injection of the oxide, i] e., 
injection at the rate of 500 grams per hour, plus 
70 an added interruption period of an hour, plus a 
hall-bout for stirrlng at the end of the reac- 
tion. In actual operation, the oxide was added 
in sllghtly over an hour and the final period of 
stirring probably was considerably over an hour. 
7 This, of course, was purely a marrer of conven- 
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lence and immaterial, for the reason that if the 
temperature had been raised slightly, or the 
amount of catalyst increased, the reaction could 
bave taken place in even a shorter period of 
timeo for instance, 45 minutes. No harm was 
done, of course, in extending the period of reac- 
tion, and likewise, no harm was done in having 
a longer stirring period during the reaction to 
insure there was no trace of ethylenet oxide left. 
During this rime the temperature did reach the 
maximum point, i. e., 165 °, but the pressure did 
hot go higher than 170 pounds per square inch. 
The resultant product vvas a light amber off 
which dispersed readily in water either in pres- 
ence of xylene or after the xylene was removed. 
This oxyethylation product was subjected to fur- 
ther oxethylation in the saine manner, as noted 
in the accompanying table under Example 2/. 
The example identified as 2/ in the table was 
then subjected to a thlrd stage of oxyethylation, 
as noted under Example 3/in the table. Various 
other oxyethylations were conducted in the saine 
manner under substantially the saine operating 
conditions. Such data are recorded in the table 
immediately following: 

25 viously described, 
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alkylation the amount of ethylene oxide indicated 
was replaced by 32½% more of propylene oxide. 
In some instances, the rime required for oxy- 
propylation was somewhat longer than for oxy- 
5 ethylation, and in some instances, the tempera- 
ture was slightly higher, 5 ° C. to 12 ° C., for ex- 
ample. The former insoluble product, after the 
second stage of oxypropylation, was then treated 
with ethylene oxide in the saine manner noted 
10 in the previous table. If the product did hot 
5appen to be water-soluble or suflïciently water- 
soluble, a fourth oxypropylation was employed, 
using about 25% of the amount of ethylene ox- 
ide previously noted. This second addit2on of 
15 ethylene oxide and four oxyalkylations invariably 
produced water-solubility. Note what bas been 
said previously that water-solubility per se is hot 
a criterion of effective demulsifying action. 
does, however, frequently characterize a water- 
2O soluble, surface-active material suitable for pur- 
poses other than demulsification. 
Example 23/ 
The saine piece of equipment was used as pre- 
i. e., an autoclave, although in 

10f ..... 
11I- .... 
14 '. .... 
lg'_ .... 

Deriva- 
tive No. 

Taken 
Grms. 
(solvent- 
free) 
le 500 
1I 1, 000 
 " I, 510 
505 
4 I 1, 010 
f 1, 530 
e 495 
7f 1,015 
8f I, 525 
7e 503 
101 998 
llf I, 488 
13« 500 
13f 990 
14/ 1, 510 
Se 505 
16f 1, 020 
17 1, 520 
6e 520 
19I 1, 030 
20f 1, 520 

Solvent 
Present 
Grms. 
(Xylene) 

.5OO 
5OO 
5OO 
510 
510 
51q 
485 
485 
485 
498 
498 
498 
510 
510 
510 
515 
515 
515 
5O5 
5O5 
5O5 

Sod. 
1Vethyl- 
ate Add- 
ed Grms. 

10 
5 
6 
11 
5 
7 
10 
4 
5 
12 
5 
5 
9 
5 
6 
10 
7 
5 
10 
6 
5 

ET0 
Added 
Grms. 

 500 
510 
530 
505 
520 
5OO 
520 
510 
490 
495 
490 
525 
490 
520 
'. 540 
515 
5OO 
505 
510 
490 
52O 

Tin .e 
(Ho 

3 
4 
l 3 
4 
4 
4 
3 
3 

Temp. 
1Vax. 

165 
178 
180 
170 
175 
185 
155 
164 
169 
150 
3 151 
41, 158 
3 185 
3 170 
4 165 
4 166 
4 165 
3 180 
31/ 145 
4 .........  155 
4 165 

Pres. Ibs. 
per sq. 
in 

170 
145 
170 
185 
170 
160 
150 
150 
150 
160 
175 
175 
145 
165 
170 
155 
150 
160 
170 
180 

App. 
Ratio 
ETO to 
Polymer 
by Wt. 

1:1 
2:1 
3:1 
1:1 
2:1 
3:1 
1:1 
2:1 
3:1 
1:1 
2:1 
3:1 
1:1 
2:1 
3:1 
1:1 
2:1 
3:1 
l:l 
2:1 
3:1 

Solubility in water 

Emuls. or sol. 
Increased sol 
Excel. sol. 
Emuls. or sol. 
Increased 
Excel. sol. 
Emuls. or sol. 
Incr. sol. 
Excel. sol. 
Emuls. or sol. 
Incr. sol. 
Excel. sol. 
Emuls. or sol. 
Incr. sol. 
Excel. sol. 
Emuls. or sol. 
]ncr. sol. 
Excel. sol. 
Emuls. or sol. 
Inor. sol. 
Excel. sol. 

Example 22/ " ..  
Propylene oxide was used instead of ehylene 
oxide, following the saine procedure as in Exam- 
ples 1/through 21/, preceding, but With this pr- 
ticular change: the amount of propylene oxide 
added was reversed roughly in molar proportion, 
i..e., approximately 1394. grains of propyle!e ox- 
ide were used to replace each 10 grains of ethylr 
ene oxide. Propylene oxide did hot produce 
equivalent water-solubility even at the ultimate 
stages, or even when nsed in a greater amount. 
For this reason it is my preference to use propyl- 
ene oxide in combination with either ethylene 
oxide or glycide, or both. It is understood that 
water-solubility may be particularly desirable t0 
produce a surface-active agent, but.water:solu- 
bility is hot necessarily the criterionof an effec- 
tive demulsifier. Indeed, some of the water-in- 
soluble compounds obtained with Propylene ox- 
ide appear to be as good demulsifiers as the more 
water-soluble ones obtained in a mixture of al- 
kylene oxide as described in the next Succeeding. 
paragraph. 
In one modification he pr0cëdul:e followed was 
the same as in Examples 1/throug h 2tL but with 
this difference: in the first two stages of oxy- 

the instant experiment involving the use of gly- 
50 cide there was no pressure involved and certain 
changes were ruade as noted subsequently. The 
autociave was equipped with a water-cooled con- 
denser which was shut off when nsed as an auto- 
clave. It was also equipped With a separatory 
55 furmel and an equalizing pressure tube so that' 
liquid, such as glycide, could be fed c'ontinuously 
at a drop-wise or a faster rate into the vessel, and' 
the rate was controlled by visual examination. 
For convenience, this piece of equipment is re- 
60 ferred to as an autoclave because it was designed 
essentially for such use, but it is to be noted that 
it was hot so used when glycide was employed as 
an alkylene oxide. 
There were charged into the autoclave the 
65 saine reactants (intermediate, solvent, and sodi- 
um methylate) as in Example 1L The autoclave 
was sealed, swept with nitrogen gas and stirring 
started immediately and heat ap!51ied. The tem- 
perature was allowed to fise to 118 ° C. The gly- 
70 cide employed was comparatively pure. 360 
grams of glycide were used. This was charged. 
into the upper reservoir vessel which had been 
previously fiushéd out with nitrogen and was the 
equivalent of a separatory funnel. The glyctde 
75 was started slowly into the reaction mass in a 
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dropwise stream. The reaction started fo take 
place immediately and the temperature rose ap- 
proximately 10 ° fo 15 °. Cooling water was run 
through the cofls so that the temperature for ad- 
dition of glycide was controlled within the range 
roughly of 110 ° fo 130 ° C. The addition was con- 
tinuous within the lirnitations and all the glycide 
was added in less than 7 hours. This reaction 
took place at atmospheric pressure, with simply 
a small stream of nitrogen passing into the auto- 
clave af the very top, and passing out through 
the open condenser, so as to avoid any possible 
entrance of air. This amount of glycide gave 
the product reasonably good solubility, ttow- 
ever, a second addition of glycide was ruade 
without adding more catalyst. T'ne amount add- 
ed the second rime was 130 grains. This was 
added the saine way in approximately a 3-bout 
period. This product showed moderately in- 
creased solubility over the previous samp]e. A 
third addition of oxide was made aftcr ïlrst 
troducing an additional 5 grams of sodium meth- 
ylate as catalyst. The third addition consistcd 
of 250 grams of glycide. The product showed 
excellent solubility and excellent surface-active 
charactcristics after the third addition of glycide. 
Note what bas been said previously that water- 
solubility per se is not necessarily an index as fo 
demulsification charactcristics. 
Oxyalkylated derivatives can be obtained with- 
out the ,use of a solvent as a diluent. This is 
purely a marrer of convenience. Whichever sol- 
vent is used, such as xylene, cymene, deca]in, or 
the like, can be removed by distfllation, and par- 
tictflar]y vacuum distillation. For many pur- 
poses, such as for use in demulsifiers, the solvent 
can remain. 
If is my preference, particularly for purpose of 
demulsification, fo use an oxyalkylated derivative 
which is surface-active by a simple emulsification 
test intended fo produce a xylene-water emulsion. 
A suitable procedure is as follows: The oxy- 
alkylated product is dissolved in an equa] weight 
of xylene. Such 50-50 solution is then mixed 
with 1-3 volumes of water and shaken fo produce 
an emulsion. The amount of xy!ene is invariab]y 
suflicient fo reduce even a tacky resinous product 
to a solution which is readfly dispersible. The 
emulsions, so produced, are usually xylene-in- 
water emulsions (oil-in-water type) particu]arly 
when the amount of distilled water used is af 
least slightly in excess of the volume of xylene 
solution and also if shaken vigorously. At rimes, 
particularly in the lowest stage of oxyalkylation, 
one .may obtain a water-in-xylene emulsion 
(water-in-oil type) which is apt fo reverse on 
more vigorous shaking and further dilution with 
water. 
If in doubt as to this property, comparison 
with a resin obtained from para-tertiary butyl- 
phenol and formaldehyde (ratio ! part phenol fo 
1.1 formaldehyde) using an acid catalyst and 
then fol]owed by oxyalkylation, using 2 moles of 
ethylene oxide for each pheno]ic hydroxyl, is 
helpful. Such resin, prior fo oxyalkylation, bas 
a molecular weight indicating about 4/2 units per 
resin molecule. Such resin, when diluted with 
an equal weight of xylene, will serve fo illustrate 
the above eraulsification test. 
In a few instances the oxyalkylated product 
may hot be suiïiciently soluble in xylene alone, 
but may require the addition of some ethylene 
glycol diethylether as described elsewhere. If is 
understood that such mixture, or any other 
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similar mixture, is considered thc quivalent of 
xylene for the purpose of this test. 
In many cases there is no doubt as fo the 
presence or absence of hydrophile or surface- 
active characteristics in the products used in ac- 
5 
cordance with this invention. They dissolve or 
disperse in water; and such dispersions foam 
readily. With borderline cases, i. e., those which 
show only incipient hydrophile or surface-active 
10 property (sub-surface-activity) tests for emulsi- 
fying properties of self-dispersibility are useful. 
The fact that a product is capable of producing 
a dispersion in water, is proof that if is distinct- 
ly hydrophile. In doubtful cases comparison can 
]5 be ruade with the butylphenol-formaldehyde 
resin analogue, wherein 2 moles of ethylene oxide 
bave been introduced for each phenolic nucleus. 
For more complete descriptior of this test see 
U. S. Patent No. 2,499,370, dated Match 7, 1950, 
fo De Groote et al. 
20 
The presence of xylene or an equivalent water- 
insoluble solvent may mask the point at which a 
solvent-free product on mere dilution in a test 
tube exhibits self-emulsification. For this reason, 
25 if it is desirable to determine the approximate 
point where self-emulsification begins, then it is 
better fo eliminate the xylene or equivalent from 
a small portion of the reaction mixture and test 
such portion. In some cases, such xylene-free 
30 resultant may show initial or incipient hydro- 
phile properties, whereas, in presence of xylene 
such properties would hot be noted. In other 
cases, the first objective indication of hydrophile 
properties may be the capacity of the materiaI 
35 to emulsify an insoluble solvent such as xylene. 
It is fo be emphasized that hydrophile proper- 
ries herein referred fo are such as those exhibited 
by incipient self-emulsification, or the presence 
of emulsifying properties and go through the 
40 range of homogeneous dispersibility or admix- 
ture with water, even in presence of added water- 
insoluble solvent and minor proportions of coin- 
mon electrolytes as occur in off field brings. 
In summary, then, for all practical purposes 
45 oxyalkylations of the kind herein described are 
conductcd in the conventional manner. The oxy- 
alkylated derivatives, so obtained, are employed 
for the resolution of petroleum emulsions of the 
water-in-oil type. The oxyalkylated derivatives 
5O themselves may be used for a variety of purposes 
other than demulsification, where surface-active 
materials are of value, as, for example, produc- 
ing emulsions, detergents, agricultural sprays, 
further reaction with chemical compounds reac- 
55 tire towards hydroxyl radicals, etc. 
Specifically, then, the use of such oxyalkylatcd 
derivatives is not limited fo the resolution of 
troleum emulsions of the water-in-oil type. 
Conventional demulsifying agents employed in 
60 the treatment of oil field emulsions are used as 
such, or aftcr dilution with any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
benzene, toluene, xylene, far acid off, cresol, an- 
thracene off, etc. Alcohols, particularly allphatic 
G5 alcohols, such as methyl alcohol, ethyl alcohol, 
denatured alcohol, propyl alcohol, butyl alcohol, 
hexyl alcohol, octyl alcohol, etc., may be employed 
as diluents. Miscellaneous solvents, such as pine 
off, carbon tetrachloride, sulfur dioxide extract 
ï0 obtained in the refining of petroleum, etc., may 
be employed as dfluents. Simflarly, the material 
or materials employed as the demulsifying agent 
of my process may be admixed with one or more 
of the solvents customarily used in connection 
5 with conventional demulsirying agents. More- 
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vm', said material or materials may be used alone 
or in admixture with other suitable well known 
classes of demulsifying agents. 
If is wel] known that conventional demulsify- 
Lui agents may be used in a water-so]uble form, 
or in an off-soluble form, or in a form exhibiting 
both oil- and water-solubility. Sometimes they 
may be used in a form which exhibits relatively 
limited oil-solubflity. However, since such re- 
agents are frequently used in a ratio of 1 fo 10,000, 
or 1 fo 20,000, or 1 fo 30,000, or even 1 to 40,000', 
or 1 fo 50,000 as in desalting practice, such an 
appàrent insolubility in off and water is hOt sig- 
nificant, because said reagents undoubtedly bave 
solubility within such concentrations. This saine 
factis true in regard fo the material or mate- 
riais employed as the demulsifying agent of my 
process. 
In practising my process for resolving petroleum 
emulsions of the water-in-oil type, a treating 
agent or demu]sifying agent of the kind above 
described is brought into contact with or caused 
fo act upon the emuision fo be treated, in any of 
the vari0us apparatus now generally used fo re- 
solve or break petroléum emulsions with a chem- 
ial reagent, the bove procedure being used a]one 
or in combination with other demulsifying pro- 
cedure, such as the electrical dehydration process. 
One type of procedure is to accumulate a Vol- 
urne of emulsified off in a tank and conduct a 
batch treatment type of demuisification procedure 
fo recover clean off. In this procedure the emul- 
sion is admixed with the demulsifier, for exam- 
ple, by agitating the tank of emulsion and slowly 
dripping demulsifier into the emulsion. In some 
cases, mixLug is achieved by heating the emul- 
sion whfle dripping in the demuisifier, depending 
upon the convection currents in the emulsion to 
produce satisfactory admixture. In a third mod- 
ification of this type of treatment, a circulating 
pump withdraws emuision from, e. g. the bottom 
of the tank, and re-introduces it into the top of 
the tank, the demulsifier being added, for ex- 
ample, ai the suction side of said circulating 
pump. 
In a second type of treating procedure, the 
demulsifier is introduced into the well fiuids ai the 
well-head or ai some point between the well-head 
and the final off storage tank, by means of an 
adjustable proportionLug mechanism or propor- 
tioning pump. Ordinarily, the fiow of fluids 
through the subsequent lines and fittings suiïïces 
fo produce the desired degree of mixing of de- 
mulsifier and emulsion, although in some in- 
stances, additional mixing devices may be intro- 
duced into the fiow system. In this general pro- 
cedure, the system may include various mechan- 
ical devices for withdrawing free water, separat- 
ing entrained water, or accomplishing quiescent 
settling of the chemicalized emuision. I-Ieating 
devices may likewise be incorporated in any of 
the treating procedures described herein. 
A third type of application (down-the-hole) of 
demulsifier to emulsion is to introduce the de- 
mulsifier either periodically or continuonsly in 
diluted or undiluted form into the well and to 
a]low if fo corne fo the surface with the well fiuids, 
and then fo fiow the chemicalized emulsion 
through any desirable surface equipment, such 
as employed in the other treating procedures. 
This particular type of application is decidedly 
useful when the demulsifier IS used in connection 
with acidification of calcareous oil-bearing strata, 
especially if suspended in or dissolved in the acid 
employed for acidification. 
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in ail cases, it will be apparent from the fore- 
going description, the road process consists 
simply in introducing a zeltively small propor- 
tion of demulsifier into a relatively large propor- 
5 tion of emulsion, admixing the chemical and 
emu]sion either through natural fiow or through 
special apparatus, with or without the applica- 
tion of 1Teat, and allowini the mixture fo stand 
quiescent untfl the undesirble water content of 
i0 the emulsion separates and settles from the mass. 
The following is a typical installation: 
A reservoir fo hold the demu]sifier of the kind 
described (dfluted or undiluted), is placed ai the 
well-head where the eflluen liquids leave the well. 
15 This reservoir or container, Which may vary ïrom 
5 gallons fo 50 gallons, for convenience, is con- 
nected fo a proportioning pump which Lujects the 
demulsifier drop-wise into the fiuids leaving the 
well. Such chemicalized fiuids pass through the 
.0 fiow.-line into a settling tank. The settling tank 
consists of a tank of any convenient size, for 
instance, one which wfll hold amounts of fiuid 
produced in 4 fo 24 hours (500 barrels fo 2,000 
barrels capacity), and in which there is a per- 
.5 pendicular .conduit from the top of the tank to 
almost the very bottom so as fo permit the in- 
coming fiuids fo pass from the top of the settling 
tank fo the bottom, so that such incoming fluids 
do hot disturb stratification which takes place 
30 during the course of demulsification. The 
settling tank has two outlets, one being below 
the water level fo drain off the water resulting 
from demulsification or accompanying the emul- 
sion as free water, the other being an oil ourlet 
35 ai the top fo permit the passage of dehydrated 
off fo a second tank, being a storage tank, which 
holds pipeline or dehydrated oil. If desired, the 
conduit or pipe which serves fo carry the fluids 
from the well fo the settling tank may include 
40 a section of pipe with baflles to serve as a mixer, 
fo insure thorough distribution of the demulsifier 
throughout the fiuids, or a heater for raising the 
temperature of the fiuids fo some c0nvenient 
temperature, for instance, 120 ° fo 160 ° F., or both 
45 heater and mixer. 
Demulsificaion procedure is started by simply 
setting the pump so as to feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As soon as a complete 'Break" or satisfactory 
50 mulsification is obtained, the pump is regulated 
until experience shows that the amount of de- 
mulsifier being added is just suiïïcient to produce 
clean or dehydrated off. The amount being fed 
ai such stage is usually i:i0,000, 1:15,000, 
55 1:20,000, or the like. 
In many instances, the oxyalkylaed products 
herein specified as demulsifiers can be conven- 
iently used without dilution. However, as pre- 
viously notid, they may be diluted as desired with 
60 
any suitable solvent. For instance, by mixing ï5 
parts by weight of an oxyalkylated derivative, for 
example, the product of Example 2) , with 15 parts 
,by weight of xylene and i0 parts by weight of iso- 
65 propyl alcohol, an excellent demulsifler is ob- 
taLued. Selection of the solvent will vary, 
pending upon the solubility characteristics oï the 
oxyalkylated product, and of course, wfll be dic- 
tated, in part, by economic considerations, i. e., 
70 cost. 
As noted above, the products herein described 
may be used not only in diluted form, but also 
may be used admixed with some other chemical 
demulsifier. A mixture which illustrates such 
75 combination is the following: 
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Oxyalkylated derivative, for example, the prod- 
uct of Example 2L 20 %., 
A cyclohexytamine sait of a poIypropytated 
monosulfonic acid, 24 % ; 
An ammonium salç of a potypropytated naph- 
thalene monosutîonic acid, 24%; 
A sadium sait of off-soluble mahogany pero- 
teum sufonic cid, 12% ; 
A high-bofling aromatic petroteum solvent, 
15% ; 
Isopropyl acohot, 5 %. 
The above proportions are ail weight percents. 
Having thus described my invention, what 
cIaim as new and desire fo secure by Letters Pat- 
ent is: 
l. A process for breaking petroleum emulsions 
of the water-in-oil type, characterized by 
j,ecting, the emulsion fo the sction of a demulsi- 
fier including oxyalkylation products; said oxy- 
alkylation produits being obtained by a process of 
(U) Reacting a phenol with an aldehyde so 
ad to yield 
(b) An oxyalkylaton-susceptib]e, fusible, or 
zanic solvent-soluble, water-insoluble phenol 
aldehyde resin; said resin bein derived by eac- 
tion between a difunctional monohydric phenol 
and an aldehyde havin not over 8 carbon atoms 
and reactive towards said phenol; said resin bein 
formed in the substantial absence of trifunctional 
phenols; said phenol bein of the formula 
in wtich 1 is a hydrocarbon radical having ai 
least 4 and hot more than18 carbon atoms and 
substituted in the 2,4,6 position; subjecting said 
aforementioned resin fo oxyalkylation with 
(c) An alpha-beta alkylene oxide having hot 
more than 4 carbon atoms and selected from the 
class consistin of ethylene oxide, propylene ox 
ide, butytene oxide, glycide and methytgtycide; 
said oxyalkylated resin being characterized by 
the introduction into the resin molecule of a plu- 
rality of divalent radica]s having the formula 
RO, in which R is a member selected from the 
class consisting of ethylene radicals, propy!ene 
radicals, butytene radicals, hydroxypropytene 
radicals, and hydroxybutytene radicals; with the 
proviso that from about one-half to ]ess than 
two mols of alkylene oxide be introduced for each 
phenolic nucleus; 
() Converting said oxyalkylated resin into 
the corresPonding alicyclic comPound by hydro- 
genation in presence of a hydrogenating catalyst; 
() Reacting said alicyctic compound with 
attyl gtycidyl ether, with the proviso that at 
teast 2 moles of allyt glycidyt ether be reacted 
for each alicyclic resin molecule and hot in excess 
of three moles of allyl glycidyl ether pr hydroxyl 
radical present in said molecule; 
(/) Potymerizing said allyl radical-containing 
derivative fo yietd an organic solvent-soluble 
product; and 
() Subjecting said aforementioned polymer to 
oxyethylation with 
(/) An atpha-beta alkylene oxide having not 
more than 4 carbon atoms and selected from the 
class consisting of ethytene oxide, propylene ox- 
ide, butytene oxide, glycide and methylglcide; 
said oxyalkylated resin polymer being character- 
ized by the introduction into the resin polymer 
molecule, of a pturality of divalent radicals hav- 
ing the formula (RO), in which R is a member 

3O 
selected from the class consisting of ethylene 
radicals, propytene radicals, butytene radicals, 
hydroxytpropylene radicals, and hydroxybutytene 
radicals. 
5 2. A process for breaMng petroleum emulsions 
of the water-in-oil type, characterized by sub- 
jecting the emulsion to the action of a demulsi- 
fier inctuding oxyalkytation products; said oxy- 
atkytation products being obtained by a process of 
l0 (a) Reacting a phenol with an atdehyde so as 
to yietd 
() An oxyalkytation-sceptiblei fusible, or- 
ganic sotvent-sotubte, water-insotuble phenot- 
atdehyde-resin; said resin being derived-by reac- 
1;5 tion between a difunctional monohydric phenol 
and an a!dehyde .having not over 8 carbon.atoms 
andreactive towardssaid phenot; said resin being 
formed in the substantiat absence of trifunctionat 
phono]s; said phenot being of the formula 
20 oH 
25 in which R is a hydrocarbon radical having at 
toast 4 and hot more than 18 carbon atams and 
substituted in the 2,4,6 position; subjecting said 
aforementioned resin to oxyatkytation with 
(.c) An atpha-beta atkytene oxide having not 
3o more than 4 carbon atoms and .selected from the 
ctass consisting of ethytene oxide, propytene ox- 
ide, butylene oxide, glycide and methylgtycide; 
said. oxyalkytated esin being characterized by 
the introduction into the resin .motecute of.a 
5 pturality of divalent radicals having the formula 
RzO, in which Rz is a member setected from the 
ctass..consisting of ethytene radicals, propytene 
radicals, butytene " radicals, hydroxypropytene 
radicals, and hydroxy-butytene radicals; with the 
40 proviso that from about one-half to less than 
two motos of atkylene oxide be introduced for 
each phenotic nucleus; 
(d) Converting said oxyalkylated resin into 
the corresponding aticyclic compound by hydro- 
45 genation in presence of a hydrogenating catalyst; 
() Reacting said alicyctic compound wi,th 
altyt glycidyt ether, with the proviso that at 
toast . moles of altyt glycidyl ether be reacted 
for each alicycIic resin molecule and hot in excess 
0 of three motos of affyt glycidyt ether per hydroxyl 
radical present in said molecute; 
(/) Polymerizing said allyt radical-containing 
derivative to yield an organic solvent-soluble 
product; 
55 () Subjecting said aforementioned polymer 
fo oxFethytation with 
(k) An atphabeta alkylene oxide having hot 
more than 4 carbon atoms and selected from 
the class consisting of ethytene oxide, propyl- 
60 ene oxide, butylene oxide, gtycide and methyl- 
glycide; said oxyalkytated resin potymer being 
characterized by the introduction into the resin 
polymer moIecule, of a plurality of divalent radi- 
cals having the formula RO, in which R is a 
65 member setected from the class consisting of 
ethytene radicals, propyIene radicals» butylene 
radicaIs, hydroxypropytene radicals, and hY- 
droxybutylene radicats; and with the final pro- 
viso that the hydrophile properties of said oxy- 
70 alkylated resin in an equal weight of xytene are 
uflicient fo produce an emulsion when said 
xylene solution is shaken vigorously with one to 
three volumes of water. 
3. The process of claire 2, wherein the aldehyde 
75 is formaldehyde. 
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4. The process of claim 9., wherein the alde- 
hyde is formaldehyde and the alkylene oxide is 
ethylene oxide. 
5. The proce«s of claire 2, wherein the alde- 
hyde is formaldehyde and the alkylene oxide is 
ethylene oxide, with the proviso that in the 
section, the molal ratio of ethylene oxide fo ini- 
tial phenolic hydroxyl be approximately 1 to 1. 
6. The process of claire 9., wherein the alde- 
hyde is formaldehyde and the alkylene oxide is 
ethylene oxide, with the proviso that in the 
section, the molal ratio of ethylene oxide fo ini- 
tial phenolic hydroxyl be approximately 1 fo 1; 
and with the further proviso that the molal ratio 
of allyl glycidyl ether fo the corresponding 
alicyclic hydroxyl be approximately 1 fo 1. 
7. The process of claire 9., wherein the aldehyde 
is formaldehyde and the alkylene oxide is ethyl- 
ene oxide, with the proviso that in the (c) section, 
the mo]al ratio of ethylene oxide fo initial 
phenolic hydroxyl be approximately 1 fo 1, and 
with the further proviso that the molal ratio of 
allyl glycidyl ether to the corresponding alicy- 
clic hydroxyl be approximately 1 to 1; and with 
the final proviso that the radical 1% is a butyl radi- 
cal. 
8. The process of claire 9., wherein the alde- 
hyde is formaldehyde and the alkylene oxide is 
ethylene oxide, with the proviso that in the 
section, the molal ratio of ethylene oxide fo ini- 
tial phenolic hydroxyl be approximately 1 to 1, 
and with the further proviso that the molal ratio 
of allyl glycidyl ether fo the corresponding ali- 
cyclic hydroxyl be approximately I fo 1; and with 
the final proviso that the radical 1% is an amyl 
radical. 
9.' The process of claire 9., wherein the aldehyde 
is formaldehyde and the alkylene oxide is ethyl- 
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ene oxide,, with the proviso that.in the (c).  sec- 
tion, the molal ratio of ethylene oxide fo initial 
phenolic hydroxyl be approximately 1 to 1, and 
with the further proviso that the molal ratio of 
5 allyl glycidyl ether fo the corresponding alicyclic 
hydroxyl be approximately 1 fo 1; and with the 
final proviso that the radical 1% is an octyl radical. 
10. The process of claire 1, wherein the alde- 
hyde is formaldehyde and the alkylene 0xide is 
10 ethylene oxide, with the proviso that in the 
section the molal ratio of ethylene oxide to ini- 
tial phenolic hydroxyl be approximately 1 fo 1, 
and with the further proviso that the molal ratio 
of allyl glycidyl ether fo the corresponding ali- 
15 cyclic hydroxyl be approximately 1 fo 1; and with 
the final proviso that the radical 1% is a nonyl 
radical. 
11. The process of claire 1, wherein the alde- 
hyde is formaldehyde and the alkylene oxide is 
2o ethylene oxide, with the proviso that in the 
section, the molal ratio of ethylene oxide fo ini- 
tial phenolic hydroxyl be approximately 1 fo 1, 
and with the further proviso that the molal ratio 
of allyl glycidyl ether fo the corresponding ali- 
25 cyclic hydroxyl be approximately 1 fo 1; and with 
the final proviso that the radical 1% is a tetradecyl 
radical. 
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